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Abstract:

The TropiSAR campaign was conducted in French Guiana in the summer 2009 in the framework
Phase A studies pertamg to the BIOMASS mission, one of the three for Earth Explorer cangidéte
main objectives were the evaluation eBBnd radar imaging over tropical forests for biomass and f
height estimation.

An extensive irsitu database, acquired over sevetecades, was made available by the Guyafor Pr¢
Two main forest sites have been studied: Nouragues and Paracou. New plots were identified and
under this contract. All together, the dataset includes157 ha of forest plots, for which ailitrees
diameter larger than 10cm have been tagged, positioned and measured. This totals more than 9§
Over these plots, the biomass ranges from 10t/ha for a Coco plantation to 490t/ha for a plot of un
forest.

Seven SAR flights were condted with the SETHI system from ONERA during the 23 days of the
campaign which lasted from August™@® September®i2009. The selected waveform is characterise
P and L simultaneous acquisitions with a range resolution of around 1.5m. Dasegflights, a temporz
dataset characterised with a zero spatial baseline was acquired to allow the quantification of the
decorrelation, one key parameter for the performance evaluation of the PolInSAR technique in-¢
satellite configuratin. A PoliInSAR and tomographic database was also acquired with vertical base
50, 100, 150, 200 and 250 feet.

The processing of the SAR data included a crosstalk removal stepaaidResulting from a double boun
effect on the wings. The overalhlibration accuracy was found to be-&5db, with a NE sigma0O bett
than-30dB and a crostalk level better thar25dB. The geometric accuracy of the SAR data was mea
to be better than 10m, which is the level of accuracy of the reference m®dtéuthe evaluation.

The insitu error analysis identified three main sources of error in Hsgummeasurements: the error in {
field measurements, the error in the allometry and the error linkibeé ®ze of the measured pldhe field
measurments (mostly DBH) are precise aatk not contributingignificanty to the error inthe biomass
estimations. The allometric equation is the major source of uncertainty aad gvaluated to be arou
5%. The plot size is of major importance and theneation accuracy for a plot size of 1 ha is estimate
be 10%. This uncertainty drops to 5% if the plot size exceeds 4 ha. Furthermoresitite biomass
estimation does not include the small trees (diameter less than 10cm), the lianas and thesieHuaig
creates a biasstimated to bef the order of 10%.

The TropiSAR backscatter coefficients have been analyzed in terms of polarimetric, temporal and i
behavior. The following observations were made on the Paracou test site:
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The high corriation between polarized backscatter coefficients, at HH, VV and HV polariza
denote the specific scattering mechanisms of tropical forests as compared to boreal or t¢
forests previously under study.

The backscatter coefficients were obsengelave a high temporal stability during the campaigr
The effect of elevation angle of these dense medium is better compensaeateWwynormalizec
coefficienta® as compared to the classical

The topographic effect needs to be accounted for. In the absence of DEM whose reso
compaible with the SAR data spatiaélution, interpolated SRTM DEMan be usg# to correct
for the topography.

The relationkips between the backscattering coefficiemts, with in situ biomass are in gog
agreement with the trend derived from previous experiments in othest feites (temperat
boreal).However, the sensitivity to biomass in the high range of biomasst(88pis relatively
small, and this requires appropriate analysis and progepsor to biomass inversion.

The preliminary inversion using HV backscattering coefficients has provided mapping resul
RMSD of less than 20%.

The combination of differarSAR measurements derived from intensity and PolInSAR, e.g. us
Bayes inversion approach, was found t@iave the inversion performance.

The PolInSAR analysis dealt with two different aspects, the temporal decorrelation analysis
PolInSAR vegetation height estimation. The foling conclusions were reached:

)l

The loss of coherence due to temporal baseline was shown to be small even after 22 ¢
observed for one date a more pronounced loss of coherence certainly linked to weather c
with a recovery in the coherence for the later datesc®herence variation with respect to tempc
baseline is not monotonously decreasing.

The PolInSAR height inversion based on a single baseline approach was evaluated ag
LIDAR derived canopyeight model. The overall behaviour of the estimator is good with a
error of 5m with zero bias. The attenuation coefficient, which in the case of a single b
inversion at Fband needs to be set (in tropical forest 0.4dB/m) is shown to haeeeffitict on the
inversion. A proper selection of the baseline is essential for good estimation.

As a summary, the preliminary analysis of the TropiSAR has shown that it is possible to retrieve big
the dense tropical in French Guiana, using appatprdata analysis and inversion approaches. Cy
works are undertaken to analyze the data of the Nouragues test site, and to derive information on |
and tomography which can be used to improve the inversion results.
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Om. The color scale range®in, 65m]. The precise LIDAR DEM was inserted into the

SRTM DEM on the right image. The overall structures are kept. However, there is a

height difference between both DEM of around 30m. On the right, a histogram of the
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Figure 24: Height difference between SRTM and the LIiDAR derived DEM over the®ara

site. The color scale ranges [Om ,40m], The difference is certainly linked to the vegetation
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Figure 25: Nouragues site: the upper left coordinates are E[m], N[m]: 3100000@556wer

right corner E[m], N[m],32000,440000. The reference for height is the NGG77 with a sea

level reading at Om. The color scale ranges [Om, 400m]. The precise LIDAR DEM was

inserted into the SRTM DEM on the right image. The overall structures are kep

However, there is a height difference between both DEM of around 30m. On the right, a

histogram of the DEM over the studied SIte...............ouvuiiiiiccciieecere e 21
Figure 26: Height difference between SRTM and the LiDA&ived DEM over the
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Figure 312: Computing the geographic position of the i,j,h pixel. First identifying the upper
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Evolution ONERA ﬁgyﬁ, E p—
Dggrglte Biotogigue /____:--;N—:—:—-...._\ . "?‘L't_*‘_'] s N_-_.~.\

r

an



TROPISARFINAL REPORT P s

ESA CONTRACT N° 2248/09/NL/CT

CNES CONTRACT N92929 03/08/09 February 2011 V2.1

position of the point located at the center of the face, therpimlate between these two

[S1 11 TP TPPPPPPPPP 37
Figure 313: The 5 reference targets T1, T2, T3, T4, TS and.Dru....ceeeieiieeeiciiieeeeeee 38
Figure 314: The setugor the reference targets. T1 is in the near range while T5 is in the far

= 1T [ OO PPP 39
Figure 315: Radar image of the calibration site Rochambeau airport.....................cce.. 39
Figure 316 : Radar cross section responses over the trihedral in HH polarisation and VV

polarisation at P Band...........oooiiiiiiieeee e 40
Figure 317: Radar cross section responses twetrihedral in HH polarisation and VV

polarisation at EBANG...........ooiiiiiiiiieeee e e e e 41

Figure 318: RBand ,NEsigma0 analysis , Image , Range profile, NE sigma0 histogra®#3
Figure 319: L-Band,NEsigma0 analysis , Image , Range profile, NE sigma0 histogrard.3

Figure 320: Polarisation isolation levels at P band..................ouvvicciiiiceiicee e a4
Figure 321: Polarisation isolation levels at L band..............cccoiiiiiiiemiiiee 45
Figure 322: IGN orthophoto of Paracou allowing a precise geo localizatian................46
Figure 323: Tropi0509_Pprop8Hh_proj_wgs84.dal.............ccccuvvvvvmimmmniiiiiiiiiiiiieeeeeees 46
Figure 41: Location of the Nouragues and Paracou Research Stations in French Guidga.
Figure 42: Localization of the 5 plots at the Nouragues research station...................... 49
Figure 43: Location of the Paracou permanenttpland additional plots established for the

TIOPISAR  PIOJECL. ...ttt e e e 51
Figure 44: Rain fall, Air moisture and air temperature in Nouragues.............cccevvvvueeee. 53
Figure 45: Air temperature, rainfall and air moisture at Paracou during the TropiSAR

(0= 10 0] 0= 1o | o 1 RURPPPPPUPPPPPNS 54
Figure 46: Calibration curve for the soil moisture measurement...........ccccccvvvveeeeveeenen. 55
Figure 47: Soil moisture content in ParacCOU..........cccooeeeeeeiiiieeciiiii e eeeeeeeeeeeeeeeene e 56
Figure 48: Forest view from the INSelberg.............uvvviiiiiieccie e 57
Figure 49: Grand Plateau Area (Note the lianas and the Chablis area)........................ 58
Figure 410: Petit Plat@au @r@a.............uuuuuiiiiiiiieeeiiiiiiiiiieieieeee e e e e e s eeesreeeeeeeeeeeaaeeaeaa e e e s s e 59
Figure 411: Plot 6 (no Treatment) ; Vouacapoua americana on the.right..................... 60
Figure 412: Bois cathédrale (Chimarrhis turbinata) on Plot 1, Plot 15 and Plot.11.....60
Figure 413: Plot 9, Plot 2, Plot 2, (Treatment 1)..........cccoeeiiiiiiiiiieeen e eeeeeeeeeeeeeeimena 61
Figure 414: PIOt 10 (TreatMENT 2).......uueiiiiiiiiieieeee et rmmme e 61
Figure 415: Plot 12 with a Cecropia tree, pioneer species in the left picture (Treateméa 3).
Figure 416: PIot 4 (TreatMent 3).....coooiiiiiiiiiiieeee e eeena bbb e e e e e e eeeas 62

Figure 51: Example of map that illustrates the variation in space in biomass (tons per ha) at
different spatial resolution (25 x 25 m, 50 x 50 m, 100 x 100 m). Similar maps have been
provided to the TropiSAR project for each ploL.............ccooviiiiccciii e 63

Figure 52: Example of the text file based on the ROI_Nouraguesl_tropi0201_Pcons.67

Figure 61: Steps of above ground biomass estimatiahthair bias and/or errors associal.

Figure 62: Histogram of the AGB values in the 624 OtZbsubplots................cccvvviiiiieenn. 79
Figure 63: Erors associated to the sampling size in percent (CV)-......cooeevevviiiiiicceinnnn. 80
Figure #1: Geometry of the backscattering from a forest canopy. The figure explains the

volume normalization used in the definition@f(Equation 7.8)-..........c.covevveeerrreencn. 85

Figure #2: lllustration of the dependency of the scattering volume on the elevation angle
defined. The use of this volume as a normalization factor leads to theidefofithe
backscatter fng..coef fi.ci.ent . U 86

Evolution ONERA ﬁgyﬁ, E p—
Dggrglte Biotogigue /____:--;N—:—:—-...._\ . "?‘L't_*‘_'] s N_-_.~.\




TROPISARFINAL REPORT P s -0

ESA CONTRACT N° 2248/09/NL/CT

CNES CONTRACT N92929 03/08/09 February 2011 V2.1

Figure 73: %andd’ images of the Paracou region, corresponding to the
"tropi0007_Pcons_Hv_slc" files. Red line: across range transect wheischtek profiles
are analyzed IN FIQUIE T ... e e e e e e e e e e e aas 86
Figure 74: b° andd’ images of the region of Nouragues, corresponding to the
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Figure 75: Range profiles of backscattering coefficibfitg® anda® from a transect in Figure
7-3 on the i mage f gmgit"ovdr Pacapou. B8, ¥V andPHVares
respectively in red, blue and green colour. The coefficients are computed using spatial
averaging over windows of 60 x 4 pixels respectively in azimuth and rahgeorofile
size is reduced from 4000 t0 1000 (X QXLS......ceeerereeerrrrrrrnmimmmreeeeeeeerennnnnnnneeesseensees 38
Figure 76: Range profiles of backscattering coefficignitsf anda® from a transect in Figure
7-4 on the image from Atropi 0007 Pcons _gp_slc
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Figure #7 : Radar backscatt er funags cfouenfdititop)mmaotf elx pr es s
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Figure 78: a (top) 90m SRTM DEM over the Paracou test site, and b (bottom), interpolated
SRTM DEM at 30m resolution (color scale for the elevation is between 0 and 12®).
Figure 79: Angle images derived from the SRTM DEM and used in the topographic
correction. From left to right, ahe with the vertical, local incidence angle and angle '
defiNned ADOVE.........ueii a8
Figure 710: The HV backscattering coefficients, expressed®ras a function of biomass for
the 15 reference pts of 250 m x 250 m in the Paracou site. For each data point, the
number denotes the number of the plot. The curve is the relationship betweand
biomass established from multiple datasets [Le Toan et al., 2010]. RMSD = Root Mean
Squared Differene, MPE= Mean percentage errgrand g are Pearson and Spearman
(oo 7= 11 o1 T= ) U TR SPP PR 100
Figure Z11: HV backscattering coefficients, expressed’ifrom the Landes forests [Le Toan
et al., 1992]Remningstorp forest [Sandberg et al., 2010] and La Selva forest [Saatchi et
al., 2010] and expressedari at the Paracou test site. The pink curve is the relationship
b et w&eand hiomass established from multiple datasets [Le Toan et al., P9d.0].

dashed blue curves materialize 20% of error in bioMass..........cccccoeeviiieecveeneennnn. 100
Figure 712: Retrieved biomass versus in situ biomass of the plots in Paracou, from inversion
of a° v using the topographic carction derived from SRTM DEM.........cccccceve..... 102

Figure 713: Biomassmapof the Paracou site, obtained by inversiom%f, (corrected with

the SRTM DEM) using a window of 15 x 15 pixels at the top (d)2Zx 25 pixels

below (b). White values are either non estimated (masked with the 600 t/ha threshold) or
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Figure 81: Interferometric coherence image for HH, HV and VV channels between tropi0007

and tropi0104, tropi0208, tropi0305, tropi0402, tropi0503, tropi0603, scaled between 0

Evolution ONERA ﬁgyﬁ, E p—
Dggrglte Biotogigue /____:--;N—:—:—-...._\ . "?‘L't_*‘_'] s N_-_.~.\




TROPISARFINAL REPORT P s -10-

ESA CONTRACT N° 2248/09/NL/CT

CNES CONTRACT N92929 03/08/09 February 2011 V2.1

and 1 for 6 time intervals (2 daysddys, 7 days, 14 days, 20 days, 22 days) The red box
indicates the area which was explored in the histogram analysis...................cee.e. 108
Figure 82: Image of the kz or (2Ha) for the six interferometric images presented in Figure 8

Figure 83: Histogram of the interferometric coherence corresponding to the red box in the
interferograms presented iN BIG 8L..........ccooiiiiiiiiiiii e 109
Figure 84: Soil moisture measured in the Paracou site. The green dots represent the seven

acquisition flights. Flight 4 was acquired after a rain event and correspond to a 14 day

delay with respect to FIIight O.........ccoooiiiiiiiiiii e e 109
Figure 85: lllustration of the indicatorsRo_0 (red dot) is the most populated bin, Ro_1 (blue

dot) and Ro_2 (green dot) correspond to the coherendéXdne population of the max.

Figure 86: Interferometric coherence circle for an area inside the ROL16.................. 114
Figure 87: LIDAR derived DEM (color bar =[0,40m]), radar image [HH,V,VV], LIDAR
derived canopy height (color bar =[0,60]) Note that the topography is marked and that the

vegetation height is mostly between 25 and 35.M..........ccccciiiiiiiiccciiiiicce 115
Figure 88: Over the study area, the slope imagelor bar=f10°,30°], the altitude of amguity
- color bar=[40m,80m], the interferometric coherence (HH,HV,V\M)..................... 115

Figure8-9: PolInSAR estimated vegetation height maps over the study zone (color
bar=[20,45m]) for three attenuation coefficients 0.3dB/m, 0.4dB/m and 0.5dB/m116
Figure 810: A 2D histogram compang the PolInSAR height obtained with 2 different
attenuation coefficients, 0.4 dB/m and 0.5dB/m. There is a 0.8m bias and a 0.16m RMS
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1. INTRODUCTION

One of the most unequivocdaln di cati ons of mandés effect on ¢
accelerating growth of carbon dioxide (g§@n the atmosphere. The principal contribution to
this growth is emissions from fossil fuel burning. However, the rate of growth is substantially
less @d much more variable than the emissions because of a net flux offr@® the
atmosphere to the Earthoés surface.-océanansl net f |
atmospherdand components, whose mean values for the 1990s are 2.2 GtC y* and 1.0
° 0.6 GtC y" respectively lnternational Panel on Climate Chan@@CcC), 2007)More than
98% of the land use change flux should be due to tropical deforestation (IPCC, 2007), which
converts carbon storexs woody biomass (of which around 50% is carbon) into emissions. The
most basic methods of calculating this flux simply multiply the area deforested (derived from
national statistics or remote sensing) by the average biomass of the deforested aresdexpres
in carbon units (IPCC, 2003). More complete methods of carbon accounting include carbon
fluxes from the soil, differential decay rates of carbon depending on how the biomass is used,
and regrowth fluxes. Both methods are severely compromised by laekadfle information
on levels of biomass actually being lost in deforestation; this uncertainty alone accounts for a
spread of values of about 1 Gt€lyin different estimates of carbon emissions due to tropical
deforestation. Assessing the future coidi of the Earth system requires better quantification
of the significance of both direct deforestation and changes in carbon stocks, compared with
background 6referenced conditions.

Tropical forests play a key role in the global carbon cycle, and hglod®al climate.
Despite their importance, they remain poorly characterized compared to other ecosystems on
the planet

The BIOMASS missioirjLe Toan et al., 200] is retained in January 2009 as one of the
three candidates for the next Earth Explorer Guoigsion to go to phase A. BIOMASS will
meet a pressing need for information on the carbon sinks and sources in the forests globally,
which will be of essential value for climate modelling and policy adaptation, e.g. REDD. Table
1 summarises the primaryisnce objectives, the measurements and instrument requirements of
BIOMASS as defined durinthe mission prdeasibility study phase (Phase 0) which finished
in January 2009
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Primary science objectives

Measurement requirements

Instrument requirements

Quantify magnitude and
distribution of forest
biomass globally to improv
resource assessment, carl
accounting and carbon
models

Aboveground forest biomass
from 700 N to 560 S with
accuracy of +20% at spatial sce
of 100200 m.

Forest height with accuraof 4
m.

Forest mapping at spatial scale
of 100200 m.

Monitor and quantify
changes in terrestrial fores
biomass globally, leadg to
improved estimates of:

(a) terrestrial carbon sourct
(primarily from
deforestation) using
accounting methods;

(b) terrestrial carbon sinks
due to forest regrowth and
afforestation

Biomass loss due to deforestati
and forest degradation, annuall
or better, at spatial scales of 10
200 m.

Biomass accumulation from

forest growth, at spatial scale o
100-200 m; 1 estimate per yr in
tropical forests, 1 estimate over
yrs in other forests.

Changes in forest height cause
by deforestation.

Changes irforest area at spatial
scales of 10200 m, annually or
better.

P-band SAR (432438
MH2z)

Polarimetry for biomass
retrieval and ionospheric
correction

PokInSAR capability to
measure forest height

Constant incidence angle
(250-350)

25-45 day repeat cycle for
interferometry

Dawn-dusk orbit to reduce
ionospheric effects

1 dB absolute accuracy in
intensity measurements

0.5 dB relative accuracy if
intensity measurements

5 year mission lifetime

Tablel-1: BIOMASS science objectives, measurement and instrument requirements [Le T&01@t al

1.1.

Campaign Obijectives

During phase 0, bioass retrieval algorithms have been developed and validated for the
range of biomass up to 300 t/ha. The methods are based on combining SAR intensity and SAR
Polarimetric interferometry (PoliInSAR) which provide respectively estimates of biomass and

canopy kight. One of the important findings from the BIOSAR 2007 airborne campaign in

boreal forest was that atband, the temporal coherence remains high afte3(2@ays. The
result indicates that forest height can be retrieved with good accuracy usingontetfy and

a singleP-bandsatelliteat time intervad compatible with spaceborne missions. Reversely, at L
band, the loss of coherence after3Ddays implies the use of two satellites for the height

retrieval.

The questions which remain to be addrdsse Phase A concern the overall
performance of the retrieval algorithms in tropical forests characterized by high biomass
density (> 300 t/ha) and complex structure.
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Among the actions to be undertaken during phase A recommendechly E SAGs Eat h
Science Alvisory Committee who reviewed the mission concepts and recommended
BIOMASS for further studythe following action is of utmost importance: to conduct flight
campaigns particularly in high forest density regions to verify the robustness of the height and
biomass retrieval algorithm.

It is essential that BIOMASS could measure the biomass density in tropical forests, in
order to estimate this large component of the terrestrial carbon pool and the carbon sources
generated by deforestation in the tropics witicuracy.

The TropiSAR experiment in French Guiana has been proposed to provide feedbacks to
ESA and CNES on the performances of-bad SAR to measure biomass and canopy height
of a tropical forest with high biomass stocks.

Specifically, TropiSARIs designed for the following objectives:

1 to provide measurements of temporal coherence ah& L-band over tropical
forests for time intervals compatible with spaceborne missions (typicaiB020
days)

1 to assess the performance of methods to conw&ar® SAR intensity and
interferometric measurements into forest biomass and forest height.

1 to assess uncertainties in-situ methods for biomass estimates and tree
allometry for tropical forests under consideration.

The above objectives were addressed thraught of coordinated ground and airborne
SAR andLiDAR acquisitions over tropical forest and preliminary analysis of the datasets.

The TropiSAR campaign is composed of two main tasks. The first concerns-gigiin
measurements and thelDAR data analysiswhile the second includes the SAR data
acquisitions and calibration site characterisahod SAR data analysi3he second task, the
SAR data acquisition, took place in August 90@ith flight occurring between the fof
August and the *1 of Septembe This report documents both aspects of pheject the
acquired database and analysis.

After a rapid description of thEROPISARteam, the document starts with an overall
description of the study sites. It then provides valuable information about tggaghic
systems in use in French Guiana and the available DEMs. The next section details the SAR
data acquisition campaign, the SETHI radar system and the processing woitkélonaling the
calibration procedure and the data quality analysisin-depthdescription of the forest sites
and insitu measurements follows

The next section is intended as a database description. The document then goes over the
analysis performed during this project;situ error analysis, POISAR analysis and PolInSAR
analysis. After the final discussion, several annexare included. The first one lists the
geographic coordinates of the different study plots. The second one contains the SAR format
description. The last one is axhaustive list of the delivered SAR products.

1.2. Campaign institutions

ONERA: ONERA was responsible for the SAR data acquisition with the SETHI
system, SAR data processing and calibration and PolInSAR data analysis
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CESBIO: CESBIO was responsible for the Polarimetric analysis of the SAR data and
the evaluaion of the combined methods for vegetation characterisation.

EDB and CIRAD The Evolution and Diversité Biologique laboratory and CIRAD were
responsible for the #situ measurements and th®AR data setover the two main forest sites
as well as the eor analysis on the isitu measurements. These 2 institutions are leading the
GUYAFOR project which provided logistic support and financial support for the SAR data
acquisition campaign and for thesitu data measurements in 2009 and 2010.

1.3. Campaign parti cipants
ONERA Name Role
Pascale Duboisernandez Project managér SAR data validatiofi
PolInSAR analysis
Olivier Ruault du Plessis SETHI manager
Daniel Heuze SAR campaign management
Remi Baqué Radar operatar Hardware engineer
Gregory Bonin Radar operatar Hardware engineer
Patrick Fromage Radar operatar Hardware engineer
Hubert Cantalloube SAR processing
Helene Oriot SAR processing and Calibration
Sandrine Daniel SAR processing Database organisatidn
Analysis
Colette Coulorbeix SAR processing
Aurelien Arnaubec PolInSAR analysis
CESBIO ThuyLe Toan SAR data analysis
Yannick Lasne SAR data analysis
Ludovic Villard SAR data analysis
Thierry Koleck SAR data analysis
EDB Jerome Chave In-situ measuremeiitground data aalysis
Maxime RéjouMéchain In-situ data collectioii ground data analysis
CIRAD Lilian Blanc In-situ measuremeiitground data analysis
Gregoire Vincent LiDAR processing
IRD Michel Petit Campaign logistics Kaw site manager Data
analysis
Papa 8nko Computer support
JeanFrancois Faure Optical imagery and logistic support
Michel Petit SAR data analysis and local support
AVvDEF  Eric Hays Head pilot and Commandant de bord
Daniel Bouet Pilot
JeanChiis t 0 p h écreaidsa Airplane operation mechanics
Fabrice aka Tonton Airplane operation mechanics
Table1-2: TROPISAReam
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The data acquisition campaign has been organised around the parplateemanaged
by EDB and CIRAD, Nouragues site and Paracou site taking advantage of a long histery of in
situ measurements, data collection and scientific expertise. A calibration site was installed

close to the Roc ha

mb e au

asi als@included as Tt s of majbar ai s

ecological importance in French Guiana and represented an interesting example of flooded

forests.
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Figure 2-1: The overall location of the défent sites imaged during tAH@opiSARcampaign

The Nouragues site is located 120 km South of Cayenne and was established in 1986.
The landscape is a succession of small hills, betweer?60n asl| covered by a pristine forest.
Human activity is unlikelyd have induced major disturbances in the recent history. Recent
floristic censuses have recorded over 200 species of trees above 10 in trunk diaBigjen (

2 plots of 1 ha each.

Several permanent plots are monitored among which a 400 -m38l0t calledPetit
Plateau (PP) and a 1000 x 1®0plot, called Grand Plateau (GP). These plots are delineated by
a grid of trails every 100 m, resulting in 10 1ha plots for PP and 12 for GP. A second site,
called NouragueParare, is located 8 km South of the firsiepon the North bank of the
Arataye river, a tbutary of the Approuague rivarvith a 300 x 20&n permanent tree plot,
called Pararé andstablished in the early 19808or the purpose of thEROPISAR project,
two new plots were established: Balanfoig08@ & 100m plot is midway between the two sites.
The second, called Paratiége is a 100 x 10én plot some 1 km North of the Pararé station
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The Paracou experimental site is located in a lowland tropical rain forest near
Sinnamary. More than 550 woody sps attaining 2 cm diameter at breast heiGfBH) have
been describedMolino and Sabatier, 2001; Baraloto et al., unpublished];datéh an
estimated 150 species paectare BRIDGE project, P. Petronelli, unpublished datafteen
permanent 300 x 300 m plots were established in 1984. In these 9 ha square plots, a buffer zone
of 25 m around the plot was created, and the present report used data on 250x250 m plots (i.e.
6.25 ha). From 1986 to 1988, nine of these 15 plots underwent three different logging
treatments ranging from mild to severe. Additional permanent plots widdisised in 1990
(plot 13 to 15, 300 x 300 m each) and in 1991 (plot 16, 500 x50&nd have not experienced
logging treatment. An area of 25 ha, called Arbocel and located near Paracou was initially
clearcut in 1976 to establish a pulp paper operatmrt was abandoned in 1978. The natural
regeneration of the forest has been subsequently studied by the CIRAD. Forest regrowth in the
whole area has been monitored in a 250 250 m permanent tree plot established sifjde 1992
Foresta, 1981; Larpin, 1989; Toriodd al, 199§. For the purpose of th€ropiSAR project,
new plots were established to include planted forest in the plot pool.

2.2. The different geodesic system in French Guiana

In this report, we have decideto include this paragraph describing the different
geodesic system in French Guiana. This is not intended as a tutorial but describes what we had
to learn in order to work with the data coming from different sources..

There are two main reference systam&rench Guiana. The oldest one corresponds to
the Hayford 1909 ellipsoid, named CGS1967. This is the reference system used in the maps
produced by the French National mapping agency, IGN. The corresponding altitude reference
Is the mean sea level.

The other one is based on the WGS84 reference system, associated to the IAG GRS80
ellipsoid, which is locally matched to the RGFG95.
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The values associated with these two systems are provided in the following table
extracted from the CIRCE manuel® :

IAG GRS80
(ellipsoide associé aux systemes mondl&S84et RGFG95
Ellispoid associated to the global systems WGS84 and RGFG95
IAG GRS 80 ellipsoid is defined by the following parameters (exact valu
Half major axis a=6378 137,0m
Flattening f=1/298,257 222 101
International HAYFORD 1909
(Ellipsoid associated to the older systefastDesaix SainteAnne Fort
Marigot, CSG 196Y
The international HAYFORD ellipsoid is defined by the following parame
(exact values) :
Half major axis a=6378388,0m
Flattening f=1/297

Table2-1:Charaterisation of the different geodesitsgeem used over French Guiana

The transformation between one system and the other one can be performed using the
CIRCE® freeware available for download on the IGN official site or at:
http://gedesie.ign.fr/index.php?page=circe

| Circt At | Liyare

1 [ e daxie ey

Table2-2:Parameterisation of the CIRCE® freeware in order to perform transformation betéeenwo
reference systems

One example is provided above where we ca@ Isow to parameterize CIRCE® to
transform geographic coordinates from CGS67 to RGFG95 (WGS84). The example point has a
0 altitude in the first reference system and@45m ellipsoidal height in the WGS84 reference
system. Note also that a misuse of camtes between the two systems can create a non
negligible spatial shift if proper care is not taken.
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mk:@MSITStore:C:\PROGRA~1\INSTIT~1\CIRCAN~1\CirceANT.chm::/system.htm#WGS84
mk:@MSITStore:C:\PROGRA~1\INSTIT~1\CIRCAN~1\CirceANT.chm::/system.htm#RGFG95
mk:@MSITStore:C:\PROGRA~1\INSTIT~1\CIRCAN~1\CirceANT.chm::/system.htm#FortDesaix
mk:@MSITStore:C:\PROGRA~1\INSTIT~1\CIRCAN~1\CirceANT.chm::/system.htm#SainteAnne
mk:@MSITStore:C:\PROGRA~1\INSTIT~1\CIRCAN~1\CirceANT.chm::/system.htm#FortMarigot
mk:@MSITStore:C:\PROGRA~1\INSTIT~1\CIRCAN~1\CirceANT.chm::/system.htm#FortMarigot
mk:@MSITStore:C:\PROGRA~1\INSTIT~1\CIRCAN~1\CirceANT.chm::/system.htm#FortMarigot
mk:@MSITStore:C:\PROGRA~1\INSTIT~1\CIRCAN~1\CirceANT.chm::/system.htm#FortMarigot
http://geodesie.ign.fr/index.php?page=circe
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CELlEl e Ellipsoid Height referencg  Terminology Sea level
system
WGS84 GRS80 RGFG95 Ellipsoidal height] -34.5m
CSG67 Hayford 1909 NGG1977 Altitude Om

Table2-3: Geographic system over French i@oa

One must be aware that contrarily to what is expected, Google Earth® over
French Guiana is not in the WGS84 coordinate system but in CGS19630 beware of he
apparent spatial shift.

2.3.

Digital elevation model of the areas

In order to perform the SAR processing, we have identified and evaluated several
Digital Elevation Models available over the different sites.

The first one is extracted from the global SRTHE M .

The

pi xel

spacing

arc, around 90m. The coordinate system is the WGS84 geographic (Lat, Lon) associated with a
reference ellipsoid GRS80t is presented in the next figure.

Figure 2-2: SRTM DEM over French Guiana. The coordinatethefupper left corner are:Lon =56.000&
Lat=7.000. The coordinates oféHower right corner are: Lon =52.000& Lat=1.000. The color scale ranges

betweer{-100m , 300m].

This DEM has an averaged value over the see@bm. It was therefore translated to
read -34m over the sea to match the RGFG95 which is the WGS84 reading over the sea,
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according to the IGN site. One can note that the overall behaviour of this DEM seems good
except a phase wrapping artefact in the lower left corner.

The other DEMs are local, associated with the two main forest sites Paracou and
Nouragues. Both DEMs were acquired usindiBAR, operated by ALTOA, an operator
located in Cayenne, French Guiana.

These DEMs are available in UTM coordinates associated with the WGS84 reference
system, but with respect to a local reference ellipsoid (NGG67) such that the sea level is at Om.

TheLiDAR DEMs and canopy model over Nouragues Badacou remain the property
of CIRAD as they were acquired under the project GUYAFRDR will not be delivered as part
of this contractSpecial request for #seproductscan be filed directly with CIRADPoint of
contact Lilian Blanc, Principal Investigator for GUYAFORIian.Blanc@ecofog.gf.

Histogram
ax1otE ; ¥ ; ; ; 3

Bx10t[

4104

oxintl

0 0 20 30 4D 50 B0
LIDAR Ground Height

Figure 2-3: Paracou site: the upper left coordinates are E[m], N[279844.605120.Jat, long-52.912083,
5.2437500Lower right corner E[m], N[m], lon,lat : 28078 , 579931,52.9870835.4712500. The reference for
height is the NGG77 with a sea level reading at Om. The color scale rabgesgbm]. The precide DAR DEM
was inserted into the SRTM DEM on the righ&ige. The overall structurese kept. However, there is a height
difference between both DEM of around 30m. On the right, a histogram of the DEM over the studied site.

The precisdliDAR DEM over the Paracou site is only local. It is 2952mx 4370m. The
SAR imagescover a larger extendlherefore, we decided to compute a comgoiEM
combining the SRTM DEM for a large coverage and the ALTOA DEM for precision over the
forest plots. In order to do that, we shifted the SRTM DEM to put it in the same height
reference system as the ALTOA DEM (95m) such that the sea level is arolihd fesulting
DEM is presented in Figui24. The precise DEM can clearly be identified in the lower part of
this DEM because there is a definite shift in height estimated to be around 30m. This shift can
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be explained by the forest height. The SRTM hergfers to the top of the vegetation layer as

it was computed from interferometric measurement at C band, whether the ALTOA DEM
characterises the ground layer. The overall topography is mild with a height excursion over the
studied area of around 30m.
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Figure 2-4: Height difference between SRTM and Ltii2AR derivedDEM over the Paracou site. Thelor scale
ranges [Om ,40m], The difference is certainly linked to the vegetatiohtheig
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Figure 2-5: Nouragues site: the upper left coordinates Bfm], N[m]: 310000, 455000Lower right corner
E[m], N[m],32000,440000. The reference for height is the NGG77ana level reading at Om. The color scale
ranges [Om, 400m]. The precis@AR DEM was inserted into the SRTM DEM on the righage. The overall
structuresare kept. However, there is a height difference between both DEM of around 30m. On the right, a
histogram of the DEM over the studied site.

The same procedure was applied to the DEM over the Nouragues site and we could
make the same conclusion which is that the SRTM DEM is around 35 to 40m above the
LIDAR DEM. The difference is less visible on Figi®, just because the color scale covers a
much larger range.
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Figure 2-6: Height difference between SRTM and Ithii?AR derived CEM over the Nouragues site. Toalor
scale rages [Om ,60m], The difference is certainly linked to the vegetation height.

This comparison had two purposes. The first one was to present the underlying
topography of the two sites, Nouragues and Paracou and the available DEMs. The second
purpose was tqustify the decision made during tipeojectionof the SAR data. We do not
have a global DEM with an adequate accuracy. The SRTM DEMSs is signing inside the
vegetation, resulting in an apparent error in the range of 30m. The topography in both cases is
charcterised by rolling hills with amplitude of around 30m in the case of Paracou, a little more
in the case of Nouragues. Therefore, we decided to use a flat earth model for the processing and
projection of the radar imaged.he effect of gsing a flat terran for processing has no impact
on the quality bthe resulting SLC data as the topography is mild and the trajectories straight.
Theflat earth model has an impact on the accuracy of the geocoded\tatelected the flat
earth height to be well suited the site, minimising the localisation errors. The resulting
accuracy is of the same order as if we haskHaour projection on a tayf the canopy DEM
(SRTM). Our approach has the advantage of not introd@ioier source of errer

We also provide &le which allows the user to compute accurately the image position
of a point from its geographic coordinates and its ellipsoidal height.
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3. TROPISAR AIRBORNE SAR ACQUISI TION

3.1. SAR data acquisition schedule

The TropiSAR SAR acquisition campaign was designedusd two specific sites in
French Guiana. These two sites are Paracou and Nouragues. These sites were first defined in
1982 for Paracou and 1986 for Nouragues and have been extensively monitored and
characterised since then under the responsibilitiesRADIand CNRS.

The Airborne campaign took place in August 2009 with the SETHI airborne SAR
system from ONERA. The plane, a Falcon 20 operated by AvDef, is usually based in Garons,
the Nimes Airport in Southern France. The plane transited to Cayenne VeMdeaurope, the
US and the Carabeans as it does not have the necessary autonomy to cross the Atlantic in a
direct route. ThelropiSAR campaign was organised around one validation flight and 6 data
acquisition flights. The following table provides the siile of the different flights.

Flight Identifier Flight Description Flight date Frequency bands
VOLO Validation 10/082009 P+L
VOL1 Standard Zerdvaseline 12/082009 P+L
VOL2 Tomo Nouragues 14/082009 P+L
VOL3 Standard 17/082009 P+L
VOL4 Tomo-Paracou 24/082009 P+L
VOL5 Standard + marais de Kaw 30/082009 P+L
VOL6 Standard Zerdvaseline 01/092009 P+L

Table3-1: SAR data acquisition calendar
3.2. The SETHI SAR system and acquisition radar peameters

ONERA, the French Aerospace Laboratory has been designing and operating airborne
SAR systems for the past two decades. The airborne system proposed for this experiment is
SETHI, a new generation SAR developed over the last four years, to be itbenpath
small/medium aircrafts for remote sensing applications.
SETHI combines two pods positioned under aircraft wings which are able to carry heavy and
bulky payloads of different kinds ranging from VHF to Ku band and/or optical sensors with a
wide rarge of acquisition geostries (Figure3-1).
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Figure 3-1: The Falcon 20 carrying the SETHI system. The two pods contain the radanasite

SETHI can be operated with 4 radar fremids simultaneously together with two optical
payl oads. The architecture -anfiPItahyed saymsd eam mfMmaiyn the
external nstruments easily without going through extensive fliglagdiness certification
procedures.

Band Centre Frequency [MHZ] Bandwidth [MHZz] Antenna Polarimetry
UHF-VHF 225-475 250 MHz Set of Dipole Full
P 440 70 MHz Array Full
L 1300 200 MHz Array Full

X 9600 1200 MHz Horn Single Pol

Table3-1: Main characterstics of the SETHI system

The data recording system, inherited from RAMSES, allows up to four simultaneous
channels with a maximum sampling frequency of 1.5 GHz, and a maximum data rate of
360MB/s for each recording chrels.

The onboard installation issomposed of five standard bays and two operator seats.
Electronic boards were developed to control and command all the new racks. Each board uses a
P1C18 mcrocontroller synchronized with the 10 MHz radar.

The pod design includes an outside envelope tearspto electromagtism waves in
a large range of frequencies and a main beam which guarantees the necessary mechanical
resistance required by the aeronautical regulations. The useful length of the pod é&e2s3 m
its diameter is 0.535 meter and treylmad weight can reach 120 Kg. An optical window in the
nose of the pod can accommodate a camera.

A precise IMU is installed in the plane. It includes a differential GPS augmented by a
OmniStar HP from IGI providing a typical retine position accuracyfd20cm. There is a
deported screen in the pilot cabin allowing the pilots to have direct access to this information.
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This is a very impdant feature as for POIINSAR and tomography experiment the pilots are
required to fly the same flight line repeatedlyhna high accuracy.

The hard disk in the plane has a storing capacity of 1.7 TBytes. This is usually enough
for a stadard data acquisition flight.

When the plane is on the ground, the data can be downloaded to our processing
machines through a direct 50iher optic cable providing a complete download in less than 2
hours. This feature is essential when we want to fly long flights several times during one day.

The P band antenna is in the left pod and to minimize double reflection from the belly
of the phne, it is usually operated in a left looking configuration. The antenna beamwidth is
100° in elevation and 60° in azimuth with a 500W peak power.

The L-band antenna is found in the right pod. The L Band waveform is centered around
1.3 GHz and can be st 150 MHz bandwidth. The antenna beamwidth is 20° in elevation and
16° in azimuth. The peak power is 300W.

Figure 3-2: Theleft pod containing the Band and the 1Band antenna

Figure 3-3: The right pod containing the L band antenna and the two X band antennas.

In practice, the 4 recording channels have to be shared between all the radars. The L
Band in polarimetric mode requires 2 recording chan@hsone channel, one records HH and
HV, while the other channel acquires VH and Vihe UHFVHF system is different; it
requires only 1 channel as it records in sequence HH, HV, VH and VV for one PRF.

A polarimetric Rband SAR image example frommopiSAR2009 is given inFigure3-4.
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Figure 3-4 : Example of a dataset over the Marais de Kaw with a color composite imagesaidP

The typical swath width is arouridlkm for simultaneus P and L acquisitions with a length of

up to 10km.Note that the P Band swath width is larger as the antenna diagram is wider, as a
consequence, the incidence angle excursion is laFgguré 35). The corresponding system
parameters for the two frequey bands are summarizedliade 3-2.

Acquisition Geometry

3 —Inc 20° — Inc 30° — Inc 40° — Inc 50° — Inc 60°

t —— P Band Useful Swath
< — L Band Useful Swath
32
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Figure 3-5: SETHI L- and Rband acquisition geometry
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Parameter P-band \ L-band
Geometry
Altitude [ft,m] 13000/ 3962
Velocity [m/s] 120
Antenna
Elevation aperture [°] 100 20
Azimut aperture [°] 60 16
Waveform
Mode Full-Polar Full-Polar
Peak Power [W] 500 200
Actual PRF [kHz] 2.5 5
Sampling rate [MHZz] 500 500
Bandwith [MHZz] 260-460 1250-1400
Processed wave length 0.65217 0.214-0.24
[m] 0.896
Processed Bandwidth 335-460 1250-1400
[MHZ]

Relative bandwidth [%] 31 11
Range Resolution [m] 1.2 1.0
Azimut resolution [m] 1.5 1.0

Range pixel spacing [m] 1.0 0.75

Azimuth pixel spacing 1.0 0.75
[m]

Near Range [m] 4350 4350

Nb of pixels in range 4000 2600

Incidence angle range [°] 24-62 24-47

Table3-2: Radar ystem parameters.

ONERA

THE FRENCH AEROSPACE LAB

-27-

February 2011 V2.1




TROPISARFINAL REPORT

ESA CONTRACT N° 2248/09/NL/CT
CNES CONTRACT N92929 03/08/09

-28

February 2011 V2.1

3.3.  SAR data acquisition flight description
Flight 0: 10/08/2009 TEMPORAL BASELINE: -2 days
Site Acquisition identifier Planned line
Rochambeau Tropi0001 ZB
Rochambeau Tropi0002 ZB
Paracou Tropi0007 ZB
Paracou Tropi0008 ZB
Rochambeau Tropi0010 ZB
Rochambeau Tropi0011 ZB
Flight 1: 12/08/2009 TEMPORAL BASELINE: 0 day
Site Acquisition identifier Planned line
Nouragues 1 Tropi0101 ZB
Nouragues 1 Tropi0102 ZB
Nouragues 1 Tropi0103 ZB
Paracou Tropi0104 ZB
Paracou Tropi0105 ZB
Paracou Tropi0106 ZB
Paracou Tropi0107 ZB
Arbocel Tropi0108 ZB
Arbocel Tropi0109 ZB
Rochambeau Tropi0110 ZB
Rochambeau Tropi0111l ZB
Flight 2: 14/08/2009 TEMPORAL BASELINE: 2 days
Site Acquisition identifier Planned line
Nouragues 1 Tropi0201 ZB
Nouragues 1 Tropi0202 ZB
Nouragues 1 Tropi0204 B1
Nouragues 1 Tropi0205 B2
Nouragues 1 Tropi0206 B3
Nouragues 1 Tropi0207 B4
Paracou Tropi0208 ZB
Paracou Tropi0209 Bl
Rochambeau tropi0210b ZB
Rochambeau Tropi0211 ZB
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Flight 3: 17/08/2009 TEMPORAL BASELINE: 5 days
Site Acquisition identifier Planned line
Nouragues 1 Tropi0301 ZB
Nouragues 1 Tropi0302 Bl
Nouragues 2 Tropi0303 ZB
Nouragues 2 Tropi0304 Bl
Paracou Tropi0305 ZB
Paracou Tropi0306 Bl
Arbocel Tropi0307 ZB
Arbocel Tropi0308 Bl
Rochambeau Tropi0309 ZB
Rochambeau Tropi0310 ZB
Flight 4: 24/08/2009 TEMPORAL BASELINE: 12 days
Site Acquisition identifier Planned line
Paracou Tropi0401 ZB
Paracou Tropi0402 ZB
Paracou Tropi0403 Bl
Paracou Tropi0404 B2
Paracou Tropi0405 B3
Paracou Tropi0406 B4
Paracou Tropi0407 B5
Arbocel Tropi0408 ZB
Arbocel Tropi0409 Bl
Rochambeau Tropi0410 ZB
Rochambeau Tropi0411 ZB
Flight 5: 30/08/2009 TEMPORAL BASELINE: 18 days
Site Acquisition identifier Planned line
Nouragues 1 Tropi0501 ZB
Nouragues 1 Tropi0502 Bl
Nouragues 1 tropi0502b B2
Paracou Tropi0505 ZB
Paracou Tropi0506 ZB
Paracou Tropi0507 B1
Kaw Tropi0509 ZB
Rochambeau Tropi0510 ZB
Rochambeau Tropi0511 ZB
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Flight 6: 01/09/2009 TEMPORAL BASELINE: 20 days

Site Acquisition identifier Planned line
Paracou Tropi0601 ZB
Paracou Tropi0602 ZB
Paracou tropi0603 ZB
Paracou Tropi0604 ZB
Nouragues 2 Tropi0605 ZB
Nouragues 2 Tropi0606 B2
Nouragues 1Bis Tropi0607 ZB
Nouragues 1Bis Tropi0608 Bl
Nouragues 1 Tropi0609 ZB
Nouragues 1 Tropi0610 Bz
Rochambeau Tropi0611 ZB

Table3-3: Radar data acquisitiosiper flight

Different planned baselines are available. ZB means -daseline: the reference
trajectory is flown. B1, B2, B3, 8 B5 indicates that the trajectory flown is lower than the
reference line with a vertical shift of 50ft, 100ft, 150ft, 200ft and 250 ft respectively.

We chose to fly the tomographic lines in a vertical plane rather than in a horizontal
plane because theesulting interferometric perpendicular baseline experiences a smaller
variation across the swath with this geomefBuboisFernandez, 2010, Dubekernandez,

2017

Over Nouragues, because of some severe topography, dveelected to fly several
lines Nouragues 1, Nouragues 2 and Nouragues 1Bis. The radar image coverage is outlined on
Google in the figures listed below.
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Figure 3-7: Nouragues SAR data coverage. Three different lines were acquired over Noufdmese
identified on this figure.

Google

Figure 3-8: The Arbocelsiteis close to the Paracou one.
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Figure 3-9: The coverage of the SAR data acquisition over the Kaw area.

Only a selectedetof the full acquisitionsetwas processed and deliverethe listis
provided in theTropiSAR dataset sectioand Annex C

3.4. Processing worklow
3.4.1. SLC processing

The processing is performed as a series of steps which are outlined in the following
paragraphs:
Archiving the data

The recorded data is first transferred from éimdorne system to the archive machine.
This can be done via a fiber optic link when the archive machine can be installed close to the
plane (within 50m) or by extracting the hard disks from the plane. At this point, for each
datatake, the recorded datadomposed of several files, in the high rate recorder proprietary
format. The system also creates a TIGI file indicating the time reference associated with each
datatake.
Trajectory hybridation

The IMU + GPS trajectory information associated with eacghflineeds to be
processed with a special software provided by IGI, the manufacturer of the IMU system.
Demultiplexing the data

Before the data is processed, it is necessary to demultiplexed the data. This operation
takes as an input the set of recordedsfibnd creates one file of raw data per channel. For
example, in the case diropiSAR waveform, this process will create 8 raw data files, PHH,
PHV, PVH, PVV, LHH, LHV, LVH and LVV files and their respective header files.

A;ggro

Extracting the datatake trajecyaand adapting it to the SAR antenna
Evolution ONERA

Diversité Biokoaigue
EDB Dlogi

THE FRENCH AEROSPACE LAB




TROPISARFINAL REPORT P s -33

ESA CONTRACT N° 2248/09/NL/CT

CNES CONTRACT N92929 03/08/09 February 2011 V2.1

The datatake trajectory is extracted from the flight trajectory based on the TIGI file and
the lever arms (relative positions between the GPS antenna and the SAR antennas) are taken
into account.

SLC processing

The SLC data is then processed with the PAMELA software, the ONERA SAR
processor. It was decided to use a flat earth geometry for focusing purpose for the following
reasons:

1 There is no precise DEM covering the full zone
1 The SRTM DEM is signing the top of thegetation and not the ground, introducing a
variable shift reflecting the vegetation height of the order of 30maoe.
1 The topographic excursion is of the order of 30m, comparable to the error associated
with the vegetation height.
This option doesn't havany impact on the focussing quality.
SLC postprocessing and calibration

The SLC data is then peptocessed. The peptocess consists in the radiometric and
polarimetric calibration. The calibration parameters are computed based on the data
acquisitiors over the calibration site. In this case, the calibration site was located on the
Rochambeau airport and included up to 6 reference targets, distributed in the range direction.
On each flight, we flew at least two calibration flights. The calibratiorofacre set uniquely
for the whole campaign, one set of parameters for each frequency and the multiple acquisitions
over Rochambeau can be used to assess the stability of the system over the campaign period.
For RBand an extra step is necessary to renmesstalk, assumed to be linked to a reflection
on the wng of the plane. The approadnased on t he [Quegapald®s met hod
performed in the frequency domain [Oriett al, 2010]. The procedure is detailed in the next
paragraph.

The crosstalk e mo v a | procedure was inspired by the QLU
procedure described [Quegan 1994] S. Quegan models the craatk by a Transmission and
Reception matrices.

e Wwg

esm,,  Sm, a_ Ry, Rn2Sy, Sy, Tyoe - esm,,  Sm, a_ gl KUeS,, Speak akzg
gsrn-iv Sr.an u gRHv I:e\/v UQUéSHv S/v @—Hv TVv H gs”hv SWV H a E L\je Hv S/v % v 1 H
é ku
with a = Rin Tw ,kI&
Ra Tin Rin

where &,j stands for the measured signal tlee polarization channel ij,;$he polarized signal
on the ground, R reception matrix f Transmission matrix.

The R and T matrix coefficients are rewritten as a set of parameters (wg\k)v,Zhe
complete set of parameters can be fourq@uregan 1994].
Under the hypothesis that the-polar and crospolar channels are uncorrelated over natural
clutter (under the assumption of reflection symmetry) , and that the Hv channel and VH channe
are equal (if one neglects the noise levEtle covariance matrix <S*.S> can be written as:
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éS. u €5 th-w 0 0 Sw-w U
S Quegan shows that the parameters (u\aWw,pnly depends on <Sm*.Sm>.
Therefore, they can be computed from the polarimetric covaiamatrix estimateddm the
data.
I n this experiment, we modified the Queganos

(1) removing the geometrical cretak due to attitude variation of the plane over the flight
(2) estimating the Queganbégsy parameters both i

Figure3-10 presentan example of tha parameter estimated over frequencies (vertical
axis) and range (horizontal axis) on our data. This figure shows the dependency of the
parameter with both range and frequency.

Figure3-10: Qu e g a n 0 eter g a5 & fumtion of rangim the X axis, and frequency Y aris theTropiSAR
data.

During the onemonth campaign, seven flights were acquired for the TropiSAR
experiment, all at a 4000 m altitudeother SAR data acquisitiotights were also perfaned
and for these other flights th@atform altitude was lower, resulting in a different incidence
angle rangeFigure 3-11 is a plot of the v parameter according to the incidence angle before
removing the aircraft attitude (left figure) and after remguime aircraft attitude. The different
curves correspond to different acquisitions and attitude conditions. The v parameters differ if
the aircraft attitude is not removed whereas they display the lsehaviourwhen the attitude
is compensated.
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Figure3-11: Quegands parameter Vv est iattitade compersatienr(leftinmagepadd bef or e ali
after aircraftattitude compensation (right images). The different curves correspond to diffetentittadifferent
aircraft attitudes.

The secondarybounce of the wave on the wing results in an antenna pattern
deformation. This deformation depends on (1) the frequency, (2) the incidence angle of wave
and (3) the polarization state. In order to remthig effect, we used the corner reflectors that
have been placed across the swath on the calibratiorbazemer reflectors were installed and
several acquisitions were gathered using different flight configurations so that we have the
frequency respae of the cornereflectors for 11 incidence®y measuring the frequency
response of each corner reflector on the images and interpolating these frequency responses in
between, the residual radar transfer tuorc was estimated and removed from the déifer
channels.

3.4.2. Interferometric processing

The interferometric processing consists in projecting the SLC information from one
image into the SLC geometry of another image. This is done based on the trajectory
information and fine tuned in order to maximidee tcoherence. This is also performed
assuming a flat earth geometry and the flat earth component is removed.

3.4.3. Geocoding

Transforming pixel position to latitude and longitude

Being able to link precisely one pixel on the image to one geographic location is
essential. So is the reverse. In order to provide this correspondence independently of the
altitude of the point (which we do not know precisely as we do not have any precise DEM), we
provide with each SAR SLC dataset a file providing a transformatieh,gri cal | ed fA* . gr i
The grid file allows to link a position in the image (X,y) associated with a height teces®
latitude and longitudelt can also be used to associate an image position and a height to a
geographic position.
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Image position

X,y Geographic coordinate
Transformation grid—»| WGS84 lat)on

Ellipsoidal h

[72)

Geographic coordinate

WGS84 latjon Image position
Transformation gridr gxs "

Ellipsoidal h

Table3-4: Geocoding process

This transformation grid file is a text file. The file starts with a short description
indicating the relevant reference system, the desired accuracy. For this prejeatenchosen
1.5m as accuracyThis value was used to compute the maximum step size in the three
dimensions, range, azimuth and height such that the error resulting from a simple linear
interpolation between the grid points will create an error belmwdquested accuracyfhe
first lines describe also the range of altitude as well as the number of steps in the line
dimension (29 in the range direction), in the azimuth direction (129) in the altitude direction
(58). The file contains then 29x129x58 lirlessing x,y,h,lon,lat where x,y are the image pixel
position in range and azimuth, h is the ellipsoidal height with respect to the GRS80 ellipsoid,
and lon, lat are the longitude and latitude (E, N) in WGS84 system.

% Grille de geoereferencement de | garopi0402_Pcons_Hh_slc.1 calculee pour une precision de 1.500000 m entf®al758803 m et
alt = 301.638805 m

% format : ligne colonne altitude longitude latitude (longitude = latitude=0 si pas de donnee )

% Les coordonnees geographiques sontimges en WGS84, les altitudes sont donnees par rapport a I'ellipsoide de GRS 80

nb_lig 29

nb_col 129

nb_alt 58

10 0-103.758852.9161292218770 5.2460086137288

10 0-103.501552.9161376843845 5.2460097385163

7

e

Table3-5: Beginning of a transformation grid filegfille).

In order to use the grid, one way is to identify the two height levels framing the desired
height. On each height layer, the desired localisation information is computed via a linear
interpolation and a final interpolation is performed in the height direction to compute the
localisation information.
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Figure 3-12 Computing the gegraphic position of the i,j,pixel. First idenifying the upper antbwer layers,
then onbothlayers, from the four cornepoints, compute the geographic position of the poicsited at the center
of the facetheninterpolate between tisetwo points.

Ground projected file

The SLC d#a is dso ground projected assumindla earth geometry as the accuracy of
the available DEM is of the same order as the topographic excursion. The ground projection
reference system is in WGS84 UTM22 coordinates. The header provides informatiorhabout t
pixel spacing and the position of the corners of the file.

3.4.4. Calibration

3.4.4.1. Radiometric calibratiorat P Band

The radiometric calibration was performed by measuring the radar crosssection of the
different reference targets present on the scene.

Six referace targets were deployed on the calibration site and were used to establish
and validate the radiometric and polarimetric calibration of the SETHI dataset. There were 5
trinedral corner reflectors with a wired mesh of 25mm intervals, and one alihvedlector
oriented at 22.5°.

The trihedrals installed on the calibration site were surveyed and a precise localisation
was performed using DGPS technique. The localisation accuracy on the three surveyed
trinedral is better than 50cm.

Target N W Accuracy
T1 N 4°48'40.74893" | W 52°22'45.34184 | <0.5m
T2 N 04°48.748' W 052°22.373 m
T3 N 4°48'54.02294" | W 52°22'00.2690@ | <0.5m
T4 N 04°48.997 W 052°21.814' m
T5 N 4°49'12.35357" | W 52°21'19.7408F | <0.5m

Dihedral N 04°48.926' W 052°21.984' m

Table3-6: Survey of the calibration targets
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The trihedral were installed with respect to a geographic orientation 263°,
corresponding to a true orientation of 245° (the magnetic declination in Guiana is 17.5°) The
flight tracks were following a route 155°, or a magnetic route of 173°.

Figure 3-13: The 5 reference targe®l, T2, T3, T4, T5 and Dr.

The trihedrals have 2.3m long vertices. The targets werpeghifpom France to French
Guiana via seaargo and installed along the airport in a low vegetation area.
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TR e \ x oY,
Figure 3-14: The setp for the reference targets. Td.in the near range while T5 is in the far g

T1 is the trihedral corresponding to the nemrge and because of mechanical
constraint, it was not possible to orient the base plane in order to match the radar acquisition
geometry.

Figure 3-15: Rada image of the calibration sitRochambeau airport

T2 and T5 were present during all the flights and were used as reference. The
calibration keys were computed over one acquisition (Tropi0010: flight 0, acquisition 10) and
applied to all remaining flightsThe mathematical formula taking into account the attenuation
in emission and reception is the following:

Key = key_ref + 45dB Att_em + 10log(P_em/500)
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The calibration key was found to tsatisfactory for Flight 1, 2, 4nd 6 and was
lowered by 0.5dB offlights 3 and 5 based on the trihedral responses. There is a good stability
of the response and the absolute level varies inside a 1dB range.

2
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Figure 3-16: Radar cross section sponses over the trihedral in HH polarisation and VV polarisatibih Band.

Name of target T1 T2 T5

Incidence Angle 24° 32° 49°

Table3-7: Incidence angle for the trihedrals

3.4.4.2. Radiometric calibration fiL Band
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Figure 3-17: Radar cross section responses over the trihedral in HH polarisation and VV polarisatielBaatd_

Key = key_ref + 1dB Att_em + 10log(P_em/200)

with key_ref=270.13dB.
Thesecalibration parameters are applied to the 7 flights.

3.4.4.3. Polarimetric calibration

The phase between HH and VV was computed over the trihedrals and it was found to be
close to O after pogirocessing. The mean and standard deviation of the phase of the trihedral
wascomputed at P and L band :

P-Band: Mean 1° with a standard deviation of 2.2°

L-Band: Mean1° with a standard deviation of 4°

3.4.4.4. Summary of calibration accuracy
The following table summarises the calibration accuracy based on the trihedral reflector
analysis

Incidence [30°- 50°] P-Band L-Band

Radiometric accuracy +/- 0.5dB |+/- 0.5dB

Co-polar phase accuracy | 1° +/-2.2° | -1°+/-4°

Table3-8: Summary of estimated calibration accuracy in TnepiSARdata set
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The numbers in Tdé 3-8 were computed on the trihedral responses in the different
acquisitions. As can be seen in g 3-15, the relative variation for one specific trihedral is
around 0.5 dB (+0.25) dB and over all trihedrals this maximum variation/i.5dB around
the true value.

3.4.5. SARdata quality evaluation

SAR data quality can be assessed through several parameters, each characterising one
aspect of the data. We have the Ndispiivalent sigmaQNEsigma0) the crosdalk levels, the
residual chanrieinbalance.

3.4.5.1. Noiseequivalent sigma0

This parameter characterises the overall noise level in the data. It includes the thermal
noise, the quantisation noise, some remaining interferences. It can be interpreted as the
backscatter floor in the data. Ha® we measure it?

Several techniques have been proposed in the literature. One is based in the analysis of
the shadow areas, assuming that the only measured signal in these zones are due to noise.
However, the technique is tricky to implement as shadowsaseze linked to observation
geometry and cannot be found in all images. We have selected one which allows to compute
the variation of the NEsigmaO in the swath. It is based on the reciprocity principle. In the data
set, we expect the HV signal to be eka&qual to the VH signal. The noise in these two
channels is assumed to be uncorrelated. Therefore, the observed decorrelation between the two
signals is due to the noise.

th:Snv+th
My = Sin +Ny,
Shv:Svh

<thth*> =0

<thth*> = <thth*> =N’

N NEs. - (SnSi')
N? SNR

<thM vh*> — <Snv3/h*> _ 1

\

\/<th'\/' hv*><'V'thvh*> i (<SWSW*> + N2) " 1+SNR*

This canbe readily estimated across the swathall the images
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Figure 3-19: L-Band NEsigmaO analysis , Image , Range profile, NE sigma0 histagram

On the NEsigmaO L band image, one can clearly see interferences happening in the far
range. These interferences have not bid@red on purpose in order to maintain the exact
same processing parameters between all the images.

This analysis is performed systematically to all images. The results are found to be
consistent from one acquisition to the next.
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NE-Sigma0 [dB] P-Band L-Band
25-35° -30 -33
35-45° -32 -35

Table3-9: NEsigmaO as a function of incidence angle for P and L Band

3.4.5.2. Crosstalk level

The cross talk was computed using @@ e g procedrgQuegan, 1994The sane
notation are used. As a reminder, here is the model used.

ada aw Vv vw@Ek? 0 0 00
P o2 < 0 09
Uu a uv Vg4
Cu=nZ 0 k0%,
az awz 1 w0 0 k 0(-j
é%uz az u 1 %O 0 0 19

where G is the measured covariance matrix and C is the true covariance matrix. The k factor
represents the channel unbalanced between HH and VV and the alpha paianteée
unbalance between the two crgmsarised channels. These two factors are corrected within the
calibration step. The u, v,w,z are the cross talk parameters.

These parameters can be estimated over a flat area for which the reflection symmetry
hypothesis is verified.

Cross-talk analysis on tropi0208 P-Band
20
25 — —u ]
=) 3 J—
30 s e * 5 T ]r Flat area:
g — — o’ 2l
i = % : M
% a0 % = vm Hilly area:
S e Wm)
.45 a 7Zm
-50
25 30 35 40 45 50 55 60 65
Incidence angle [7]
Figure 3-20: Polarisation isolation levels at P band.
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Figure 3-21: Polarisation isolation levels at L band

3.4.6. Geocoding quality assessment

The geocoding quality assessment was performed over Paracou by comparing the
localisation of specific targets. The first one is a corner reflector. Using the GPS coordinates
(standard GPS readingvith an estimated accuracy around 10m) of a trihedral reflector
deployed along the Combi Paracou road, and a trihedral altitude measured on the 1/25000 IGN
map to be 9 m (estimated between 8.5 m and 10 m), we obtained the ellipsoidal height with
CRCEamd using the #dAgrille de passageo, we compul
reflector. The true image position can also be established and the two are compared in the table
provided below.

Geographic . _ Estimated radar Measured radar Error in pixels
coordinate Altitude Elltl]p_sotl]dal coordinate coordinate P
Lat Long eight Azimuth Range Azimuth | Range Azimuth Range
9 -25,202 6042 2035 -3 -6
5,31793 | -52,9398 8,5 -25,702 6042 2036 6039 2029 -3 -7
10 -24,202 6042 2035 -3 -6

Table3-10: Localisation accuracy analysigasing SLC and the filgrille.

The error is around 3 pixels in Azimuth and 6.5 pixels in Range equivalent to 3.735 m
in Azimuth and 6.5 m in Range. This is of the same order as thaGR&acy.

This same study is done also owgsportunity targets. The altitude and the UTM
coordinates of these targets are determined with the IGN map.
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Figure 3-22: IGN orthophdo of Paracouallowing a precise getmcalization.

UTM coordinate Altitude EIIip_soidaI Esii(r)noe:tdei?];?éiar Me:os:rrsﬁ];?gar Error in pixels

E N e Azimuth | Range | Azimuth | Range | Azimuth | Range
1] 284611 588105 9 -25,19 5961 | 2355 5958 2351 3 4
2]|285016| 588143 9 -25,20 6038 | 2046 6038 2044 0 2

Table3-11: Accuracy of geolocation overaPacoufrom SLC and file .grille

The quality of the georeferencing was also performed on the groujedtprbdata.
This geocoding quality assessment was perforroeer marais de Kaw with the projected
WGS84 SAR images by comparing UTM coordinates.
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Using the tropi0509_Pprop_* proj_wgs84.dat images, we identified two particular
points A and BFrom their radar coordinate and with some information available in the header,
we determine their UTM coordinates which can then be compared to the UTM coordinate
measurd on thelGN map

The geographic coordinate of the origin point (0,0) available in the header, is localized
in Lat = 4,5349216376°, Long 52,0697455955° and height ellipsoid -39,7929m.To
retrieve the UTM coordinate of our two particular points, wetfievaluated the UTM
coordinate of the origin point: E(x) = 381327.423m, N(y) = 501343.197m, then we retrieve the
UTM coordinate by theiradar imageposition.

Measure_d radar UTM cpordinates UTM coordinates Error in pixels
coordinate estimated measured from IGN
Points | Azimuth | Range E(x) N(y) E(x) N(y) E(x) N(y)
A 5340 3373 386667 497970 386675 498000 8 30
B 12719 5583 394046 495760 394037 495792 -9 32

Table3-12: Geometric accuracy analysis

The UTM coordinates of these two points were measarethe 1/25000 IGNmap with an
accuracyof around 25m (1mm on the map)

3.4.7. Data quality assessment summary

P-Band L-Band

Calibration

Radiometric accuracy +/-0.5dB |+/- 0.5dB
Co-polar phase accuracy | 1° +-2.2° | -1°+/-4°

NE-Sigma0 [dB]

25-35° -30 -33

35-45° -32 -35
Cross-Talk Level -25dB -30dB
Geometric accuracy (if altitude is known) <10m <10m

Table3-13: SAR data qualitparameters

4. FOREST SITE DETAILED DESCRIPTION AND GROUND MEASUREMENTS

4.1. General description of Nouragues and Paracou

This study was carried out at two sites located in the lowland rain forest of French
Guiana: the Nouragues and the Paracou Research Sté&iigms(41).
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Figure 4-1: Location of the Nouragues and Paracou Research Stations in French Guiana.

4.1.1. NouraguesResearch Station

The Nouragues Station (4A056N, 52A4006W,
Cayenre and was established in 1986, near an inselberg (granitic outcrop) that reaches 430 m
asl. The landscape is a succession of small hills, betwe&@® asl. Rainfall is 2960 mm y
1 (average 1982001), with a dry season that averages 73 days, fromAlagest to early
November, and a shorter dry season in March. Daily temperature ranges between 20 °C and 33
°C (annual mean 27 °C). Wind is never strong (maximum <14.2Ameiween 1999 and 2002,
mean = 0.11 £ 0.07 mX¥. No hurricanes or cyclones readalefich Guiana. Human activity is
unlikely to have induced major disturbances in the recent history: the Nouragues Indians are
reported to have inhabited this area during the eighteenth century, but departed further South at
least 200 years ago.

The forestaround the sttion harbours a diverse flor&dbatier and Prevost, 199n
der Meer and Bongers, 1996Jith over 1700 angiosperm species recorded in the Reserve
([Nouragues]http://www.nouragues.cnrs.fr/plantspecies2.html). Recent floristic censuges ha
recorded 177 and 204 species of trees above 10 in trunk diaDBtd) {n 2 plots of 1 ha each
[BRIDGE] project unpublished). In total, the number of tree species may be well in excess of
400 species.
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Figure 4-2: Localization of the 5 plots at the Nouragues research station.

The Nouragues Research Station has two camp sites. The Noulagglbsrg site is
| ocated on the west bank of a small river, cal
sepaating two geomorphological entitig&rimaldi and Riera, 20Q1 The west bank has a
weathered granite parent material, with sandy soils of variable depth, on which a 40tnx 300
plot called Petit Plateau (PP) has been establigkiad der Meer and Bongers, 1996he east
bank is on a metavolcanic rock parent material of the Paramaca formation, with clayey soils
rich in ferruginous nodules, typical of the decomposition of a laterite crust. On the east bank,
and ca. 500 m from PP, a 1000 x 4@lot, called Grandlateau (GP), has been established
on a uniform and gentle slope toward the creek. Permanent sampling plots are delineated by a
grid of trails every 100 m on two plateaux along a compass bearing of 137° either sides of
crique Nouragues.
A second site, deed Nouraguedlararé, is located 8 km South of the first one, on the
North bank of the Arataye river, a tributary of the Approuague river. This second station is on
metavolcanic parent material, and is located close to a temporary site established loy Muse
Nati onal doHi stoire Natur el |I e-mipermanemtdreelplatt e 197 0 s
called Pararé (Figure 4 2), established in the early 1980s.
For the purpose of th&ropiSAR project, we established two new plots located on
metavolcanic pa&nt material. The first plot, called Balanfois (Figure 4 2), is a 200 xni00
plot established in June 2010 midway between the two sites. The second, calledidRgrasé
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a 100 x 10e6m plot established in October 2010 on the first ridge of the plateatin I[9b
Pararé, some 1 km North of the Pararé station (Figure 4 2).

4.1.2. ParacouResearch Station

Paracou experimental site is located in a lowland tropical rain forest near Sinnamary,
French Guiana (518' N, 52 55 'W; [GourletFleury et al, 2004). The site receives nearly
two-thirds of the annual 3160mm + 18E of precipitation between miarch and midlune,
and less than 50 mm per month in September and OdtGloerletFleury et al, 2004. The
most common soils in Paracou are the shallow ferralitic soils limited in depth by a more or less
transformed loamy saproliti@oulet and Brunet, 1983Some very thick ferralitic soils, with
free vertical drainage, are primarily encountered on the highest residual summits of the area
(approximatelyd0 m asl), but they can also be found at the bottom of the JlBpesnet al,
20049.

More than 550 woody species attaining 2 cm diameter at breast HeRjH} bave been
descibed[Molino and Sabatier, 2001; Baraloto et al., unpublished datth en esimated 150
species per hectarBRIDGE project, P. Petronelli, unpublished dafehe dominant families
at the site include Lecythidaceae, Leguminoseae, Chrysobalanaceae, Euphorbiaceae.

Fifteen permanent 300 x 300 m plots were established in Fgdré4-3). In these 9
ha square plots, a buffer zone of 25 m around the plot was created, and the present report used
data on 250x250 m plots (i.e. 6.25 ha). From 1986 to 1988, the plots underwent three logging
treatments according a randomized block design, with three replicate blocks of twelve plots,
assigned as controls or one of three treatments. In Treatmssiected timbers were extracted,
with an average of about 10 trees O 50 or 60 ¢
logged as in Treatment 1, followed by timber stand improvement (TSI) by poison girdling of
selected norrommercial species, withbao u t 20 trees O 40 cm DBH rer
Treatment 3 was logged as in Treatment 2 for an expanded list of commercial species, with
about 45 trees O 40 c¢cm DBH removed per hectare
the latter plots were less im&vely logged than treatment 2 plots. Tree harvesting in the plots
was initiated in October 1986 and was completed in May 1987. Timber stand improvement by
poison girdling began in December 1987. Additional permanent plots were established in 1990
(plot 13 to 15, 300 x 300 m each) and in 1991 (plot 16, 500 xmPand did not experience
logging treatment.
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Figure 4-3: Location of the Paracou permanent plots and additional plots established fordpeSAR project.

For the purpose of the project, we established 6 new plots near the Paracou research

station:
1

T

Two 70 x 70 m plots were established on a plantatid?irafs caribaeal.

Trees were planted in 1978.

One 50 x 58m plot was established on a plaida of Cocos nuciferglanted in
1996.

One 40 x 70m plot was established in a secondary forest. This vegetation
recovered from an abandoned oil palm plantation.

Two plots of 0.5 ha were established following the modified Gentry protocol
([Baralotg in review) in natural seasonally flood forests.

An area of 25 ha, called Arbocel and located near Par&gguré 41), was initially clearcut

in 1976 to establish a pulp paper operation, but was abandoned in 1978. The natural
regeneration of the forest héagen subsequently studied by the CIRAD. The area receives
approximately 3119 mm of rainfall annually. Forest regrowth in the whole area has been
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monitored in a 250x 250 m permanent tree plot established since[d®3%2bresta, 1981;
Larpin, 1989; Torioleet al, 1999.

4.2. Tree measurements andnventories

Ground plots cover more thd®8 ha of forest in totall@ble4-1). In all plots, all living
trees O 10 cm DBH wer esesnarpwihe récruigment and mortalitys e d
every 1 to 5 years. Each individual tree was botanically identified whenever possible. DBH
were calculated from circumference measures to the nearest 0.5 cm. For trunks without
buttresses, DBH measurements were cotieeally made at 1.3 m above the soil surface and
points of measurement were marked using permanent paint on the trunk. For buttressed trees,
trunks were measured 10 cm above the higheselsstand also marked with paint.

The same technique was appliedt fnature rain forest sites and for disturbed forest
sites and plantations. In all cases, trees less than 10 cm DBH and lianas were ignored in the
biomass estimate. Deadnstling trees were also ignored.

A subsample of the surveyed trees was measuretidortotal tree height. We selected
six 1-ha subplots, located on different forest plot, for which all trees were measured. We used a
laser telemeter (LaserAce MDL Company) to spot the top leaf or branch from the ground.
Turning around each tree, and usihg opinion of at least three trained operators if needed, we
were able to estimate the total height of all trees. Controls were regularly conducted to assess
the performance of this techniguiéhe tree height dataset currently contains 3029.trees

Site Forest type Census Number of| Plot Size| Total Number of
date plots census trees
size
Paracou Mature rain forest 2009 6 6.25 37.5 22,868
Paracou Mature rain forest 2010 1 25 25 12,959
Paracou Disturbed rain forest 2009 9 6.25 56.25 37,997
Paracou Pinus pantation 2010 2 0.49 0.98 1178
Paracou Coco plantation 2010 1 0.25 0.25 40
Paracou Secondary forest 2010 1 0.28 0.28 367
Paracou Flooded forest 2010 2 0.5 1 1275
Regrowth from clear
Arbocel cut 2009 1 6.25 6.25 5468
Nouragues Mature rain forest 2008 1 10 10 5098
Nouragues Mature rain forest 2008 1 12 12 6338
Nouragues Mature rain forest 2010 1 6 6 3093
Nouragues Mature rain forest 2010 1 2 2 985
Nouragues Mature rain forest 2010 1 1 1 484
28 157.51 98150

Table4-1: Summary of the plots considered in ThepiSARproject.
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Details about the AGB for the different plots are presenteSertion 6together with
the assessment of the field measurement errors.

4.3. Weather conditions
4.3.1. Weather condions in Nouragues

Weather conditionsvas measuredusing aWS-STD1 DeltaT meteorological station
(http://www.deltat.co.uk), with an automatic rainfall gauge, a temperatuwenidity probe and
an anemometeiMeasurements were taken at a séourly frequeng. Daily rainfall varied
between 0 and9.2 mm/day,on August 18, 2009. Total rainfall for the study period was 84
mm, and the monthly rainfall for august 2009 was average, over 100 mm/month. During the
flight hours over Nouragues, no rainfall was reeatdGround temperature and moisture were
typical of tropical rainforest, with a daily temperature amplitude 6B2ZC, and a mean of
25.7°C over the study period. Air moisture varied between 50% (arounday)do 100%.
During the flight periods over Noagues, air moisture varied between 81% and 88%.
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Figure 4-4: Rain fall, Air moisture and air temperature in Nouragues

4.3.2. Weather conditions in Paracou

Microclimate data were recordeat the Guyaflux towefsee[Bonal et al. 200)). Air
temperature and humidity (HMP45, Vaisala, Helsinki Finland) were measured at the ground
level. Volumetric soil water content (SWC:3m™) using a frequency domain sensor (CS615;
Campbell Scientific In.) at 0,05 cm depth were recorded. All meteorological data were
collected at 1 min intervals and compiled as 30 min averages or sums with a CR23X datalogger
(Campbell Scientific Inc.).

Total rainfall in august 2009 was 49 mm (8 days with rainfall). Thammennual
rainfall recorded at the CIRAD meteorological station (Combi station located at 4 km form the
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Guyaflux tower) is 114 mm. Rainfall exceeded 15 mm for two da¥)s(26 mm) and 1%
august (15,8 mm). Similar valsgvere recorded at the same datéhat CIRAD meteorological
station (resp. 18 and 14 mm).

Daily temperature amplitude recorded at the grounelleanged between 21,3 and
31,3C and a mean of 25.5°C wascorded over the study periodug@ust 2009).

Air moisture varied between 54% (aroumid-day) and 98%. During the flight periods
over Paracou (8 am to 12 am), air moisture varied betweeraf@%6%.

Alir Temp]*C) Rainfall {mm)
A% 25
30 - } f
A J MR A MR 0|
7, || I|' LI.II |||. L |!|.|. 'l.|.|||-.||. P ||. I|||I
R N III i b PR T | o i '.| 'R L1
AT I T L I 1 LI L | i (]
|| |
a0 15
13 10
b
5
5
il a
UEO00E  GEDSEDE  ILE000E  DEE000:N  2LE000N 608000 OL/08/0% 150802 29/08/0%
Air Moisture (%)
120
1003}

A

=

lJTWH‘[n\w’IHﬂ' 1..|. ||||I|l|.IJ ||

al

Al

20

o4
Laneodd  &B090:30  1178/000:00  18/B080:0)  21E/090:00  26//050:00

Figure 4-5: Air temperature, rainfall and air moisture at Paracou during ffrepiSAR campaign
4.4. Soil moisture data

4.4.1. Soil moisture data in Nouragues

Soil moisture was meaeed using aML2x DeltaT Thetaprobe at 10 sites on Petit Plateau and
10 sites on Grand Platealio calibrate the probe, ca. 50 gsafrfacesoil (0-5 cm below the
supericial organic layer)was coredat the 20 sitesFor each sample, the wet volume was
measured, and the sample was weighed wet, and after denglried during 36 h at 110°C.

Near each core, a thetaprobe measurement was made. The calibration curveted repor
Figure 46. Measured soil moisture varied between 25 and 52%, and showed a very large
heterogeneity over small spatial scales. The lowest soil moisture was encountered in the silt
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sand surface soil of Petit Plateau, while the -clagninated soil ofGrand Plateau held more
water.

60 1  Y=0,836x+13,99
R2 = 0,614

55 -
50 -
45 -
40 -

35 ~

Measured moisture (%)

30 +

25 ~

20 T T T T T 1
20,00 25,00 30,00 35,00 40,00 45,00 50,00
Thetaprobe read (%)

Figure 4-6: Calibration curve for the soil moisture measurement

Mean soil moisture measurements at two of the Nouragues sites on two dates is
presented imable4-2.

Petit Plateau | Grand Plateau
18/08/09 41.1 43.4
24/08/09 38.6 38.33

Table4-2: Mean soil moisture measurements on two dates

4.4.2. Soil moisture in Paracou

Volumetric soil water content (SWC;*m®) using a frequency domain sensor (CS615;
Campbell Scientific Inc. at 0,10 cm depth were recorded. Data were collected at 1 min intervals
and compiled as 30 min averages or sums with a CR23X datalogger (CampbelfiStnen)i

Soil moisture ranged between 0,10 and 0,20m Highest value were recorded just after the

2 rainy events : 6th august (from 8.30 to 12.30) afftaligust (from 13.00 to 15.30).
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Figure 4-7: Soil moisture content in Paracou

4.5. LIiDAR data

Two LIiDAR acquisitions were conducted in 2004 and 20D8e LIDAR data was
acquired using the ALTOA systenit{p://www.altoa.fry. The ALTOA system includes a
portable Rieglaser rangefinder (LMS6Q1480) embarked on a helicopter flying at a speed of
about 30 m s about 150 m above the ground. The system also consists of twéretpancy
GPS receivers coupled to an inertial navigation system, both systems ensuringstisat a
decimeter differential position can be calculated for the helicopter irppostssing. The
rangefinder system is based on the principle of falight measurement of 30 kHz laser
pulses in the infrared wavelength region (B18). As laser beam divergence is 3 milliradians,
the footprint is about of 0.22 m wide on the ground. LR dataset consisted of a cloud of
laser echoes originating from terrain and vegetation. For each point, latitude, longitude and
elevation are meased in metres and stored into a file. The datum used is WGS84 and the
projection North UTM zone 22.

Depending of the campaign the average laser pulse density was c. 4 imp/m2 (2004 to
2008) or 8 imp/m2 (2009). Acquisition were all conducted in last retwde to maximise
penetration (the system used did not have multiple return registering capacity). A major
challenge in dense tropical forest is the penetration of Laser impulse which directly affects the
precision of the Digital Elevation Model which ielé will determine the precision of the
canopy height data.

Two precise DEMs over both Paracou and Nouragues areas were established from the
LIDAR data. At the same time a Canopy height model was also computed.

The LIDAR data was acquired and processednder the Guyafor project and will
not be included as part of theTropiSAR delivery; However, special request can be filed
with Lilian Blanc, Guyafor principal investigator
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4.6. lllustrations

4.6.1. Nouragues

Figure 4-8: Forest view from the Inselberg.
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Figure 4-9: Grand Plateau Area (Note the lianas and the Chablis area)
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