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S CyGNSS for Studies
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Biomass (Mg/ha)
: L-band SAR, signal
e ESA : Future ESA mission, inSAR, deployable ,~ 350 ton/ha
e NASA : 8 microsatellites, GNSS-R, antenna
to interaction GPS signals with
e GPSsignals level (if any) over tropical rainforests
GPS satellites for biomass estimation over tropical

rainforests
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CyGNSS for Studies

: o9 = + g tncoh,0

(|Y,(t, f)|?) sensitivity to forests biomass could overpass P-band SAR

intensity monostatic SAR ~ 100 ton/ha

L-band can partially cover (semi-transparency)
Increasing : Larger
Bistatic scattering pattern:

e Coherent term: along specular direction

* Incoherent term: along other directions
Coherent term can incoherent one even from space-borne platform:

PrA*GrGelx(z, f)I?
o FrA brlg ) 2 B . 2
(|Yy.con (T, f)l ) = (4m)2( )2 |Rp(9e)| exp(—2kosing,)

Incoherent:

e Surface scattering: Areas with moderate-to-high roughness + topography

e Direct from : Leaves, branches, trunks

e Multiple scattering (RHCP-LHCP- ) : CyGNSS
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Methodology: CyGNSS

CTTC"
* CyGNSS Science Data Record
* Equivalent overall over land surfaces

* Reflected delay waveforms: WE, ..., = (|Y-(t, f = 0)|?)

e Several observables to

delay bin resolution from 17-lags to 1700-lags (~ 1 m resolution) + spline

sensitivity & term to biomass:

1 TE = TWFr,threshold o TWFr,peak

power threshold selected, 50% cut-off data, 90% lower dynamic range

eIncoherent term gincoh,0 contribution to WFy threshold
incoh,0 . ’ .
e|[ncoherent 0 coherent significantly contribute to W F,. ,cqk

= WFr,peak/WFd,peak
e Antenna gain patterns compensated and noise power floor (reflected signal)
eUse for calibration instead EIRP
eDirect estimation inverting scattering
eForests biomass: Complex scenario,
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A Methodology:

CTTC®
e TE&T different groups elevation angles, 6, =10°
0, important parameter coherent-to-incoherent scattering
« Soil surface contribution to gincoh0 s . Terrain Ruggedness Index lower 15
( threshold) from Digital Elevation Model
disturbs o : surface modify scattering area
* Objective: & relationship between TE & I' as function Above Ground

Biomass (AGB) and Canopy Height (CH)

:0.1°x 0.1° spatial grid, averaging moving window 0.2° in steps 0.1°

Spatial resolution (equatorial latitudes) 20 km x 20 km:

~ 20 km: Multiple azimuthal overpasses, limited by

~ 7.6 km: (1 sincoherent integration time), limited by

(01/08/2018 to 31/01/2019), AGC disabled, no fluctuations AGB &CH
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Methodology

Tropical Canopy Height [m]
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*2004-2008
data, spatial resolution ~ 60 m along-track x 170 across-track
eLevel 1a data to compute
eHeight factor for : Non-homogenous sampling properties GLAS

from

: Combines Saatchi & Baccini maps derived from GLAS into
resolution map
eUse of for validation &
locally-calibrated, harmonized, and upscaled up to ~ 14,466 ~ 1 km AGB estimates as inputs
for fusion algorithm
eAlgorithm applies bias removal + weighted linear averaging

: Lower RMSE and bias than Saatchi & Baccini
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e Performance Analysis:

instepsof TE ~1m& ' ~0.05dB
at pixel-level: in (|Y,.(z, )|?) potential

e Extension target areas large (enough data) errors assumed to be randomly
distributed

e Noise can be reduced after averaging: Find

e Studyata scale:
eStudy observational
eEstimation GNSS-R to AGB as a function AGB levels
oVisible infrared sensors only upper canopy + suffer weather conditions:
Trigger study at-a-time &
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e, Performance Analysis:

A / ;
% ; 7
y'””l' —‘Il,f — — — St — ‘!7 : -
{"’ ?‘-.. ,'Ir & ey
| C onfferoqbs -forests %
—
TAr Tropical rainforest
TAwa  Tropical moist deciduous forest — 1
TAwb  Tropical dry forest
[ 17T8Sh Tropical shrubland
[_1TBWh Tropical desert
EER ™ Tropical mountain system
B scf Subtropical humid forest
[ 1SCs Subtropical dry forest
[ 1SBSh  Subtropical steppe
SBWh  Subtropical desert
SM Subtropical mountain system .
[ 1TeDo  Temperate oceanic forest
TeDc  Temperate continental forest
[ ]TeBSk Temperate steppe
[ TeBWK Temperate desert
[ 1TeM Temperate mountain system
[ Ba Boreal coniferous forest
[ Bb Boreal Tundra woodland
BM Boreal mountain system
P Polar
== Water ——
—| No data

9/29



1500

1000

500

0

o = N W & OO0 O =N

4000

3000

2000

1000

Congq Rainforests

0 10

20 30
CH [m]
.10 Congo Rainforests

40

50

0

100

200 300 400
AGB [ton/ha]

500

Amazon Rainforests

o

10

20 30
CH [m]

40

) .10° Amazon Rainforests

0 100

200 300
AGB [ton/ha]

400

600

500

True rainforests Lat. ~ [-10, 10]

Mean monthly temperature ~ 18 °C,
~ 1680 mm rainfall

Dominant International Geosphere
Biosphere Program (IGBP):

Characterized by wet biomass: Signal

Rather unique structural pattern:

including overstory,
canopy, understory, shrub layer, and
ground level

dielectric and structural
properties

Amazon very
distribution than Congo &
distribution
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Congo, AGB [ton/ha] Congo, CH [m]
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e TE & I' increases & decreases respectively significantly up to high levels of biomass
e Differentiated effects to be evaluated
e AGB & CyGNSS perform well

selected to evaluate AGB vs. CyGNSS observables
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éT\ch Congo Rainforests:
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?\T\ch Congo Rainforests:

""""""""""" '« Reduction I' : Absorption
o990, 80°<0,<70° GLAS CH [m] scattering effects
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Amazon, AGB [ton/ha] Amazon, CH [m]
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CTch Amazon Rainforests:
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TE lower spreading ~ 600
m as compared to Congo

Improved AGB dynamlc
range at

~ 140 ton/haat 6,~90°
vs. 170 ton/haat 6, ~20°

as compared to Congo:

Re-radiation

pattern could have
Much more
vegetation

cover belonging to higher
angular variability
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., Amazon Rainforests:
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M Rainforests:
CyGNSS sensitivity to AGB
fits
e Noise represent : CyGNSS and Avitabile et at. separated time & space

polynomial fitting functions as a function of AGB levels and 8,

VoD observational accuracy separate AGB levels:

Image credits

| | | | |
100 200 300 400 500 600 C. Vittucci et al.
AGB (Mg ha'l)

0408~ 175 ton/ha
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Rainforests:

CTTC
TE TE
Congo, TE 50 100 150 200 250 300 350 Amazon, TE 50 100 150 200 250 300 350
[20, 30] ° 153 121 090 055 0.35 0.33 0.30 [20, 30] © x 107 075 040 0.10 x X
[40,50]° x 1.05 093 0.77 058 0.37 0.17 [40, 50] © x 115 0.85 053 0.18 x X
[60, 70] ° X 1 087 071 053 0.35 0.19 [60, 70] ° X Xx 070 060 020 x X
[80, 90] © X X x 062 045 0.22 X [80, 90] ° X x 070 042 012 x X
I r
Congo, I 50 100 150 200 250 300 350 Amazon, I’ 50 100 150 200 250 300 350
[20, 30]° X X X X 171 155 X [20, 30] ° X x 158 16 95 «x X
[40,50]° X X x 193 252 274 231 [40, 50] ° X 172 18 16 115 9 X
[60, 70] ° X x 105 212 26 261 175 [60, 70] ° X 16 178 16 104 X X
[80, 90] © X X X X 162 213 16.2 [80, 90] ° X Xx 158 14 95 x X
* Derivate values [(ton/ha)/m or (ton/ha)/dB]

° eg o~ 1m:

* Amazon

as compared to Congo: Potential effects

at 8, ~ 20 ° (ideal case, ignoring RMSE) for ~ 350 ton/ha

with higher levels AGB
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NN..  Rainforests:
e Functional relationship evaluated at specific in

terms correlation & dynamic range

e Visible & infrared indices only for upper canopy + suffer weather conditions:

Enhanced L3 Radiometer Global Daily

e SMAP VOD used to retrieve transmissivity signal vegetation: ¥ = exp(—2V0 D/sin6,)

e VOD=bVWC, b on upwelling vegetation

e SMAPPI: PI =

Tgy — Ty
(TBV + Tgy )/ 2

Pl independent physical temperature: Normalized measurements brightness
temperature

Polarized emissivity soil attenuated vegetation:

Some studies Pl decreases with higher AGB levels

Effect scattering & absorption Ty according relative
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&re:  Rainforests:

Congo, SMAP PI Congo, SMAP VOD
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VOD & PI : Different levels for similar AGB over Congo & Amazon
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Principal Mexican Ecosystems

[l XERIC SHRUBLAND
I CONIFEROUS FOREST
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Conif., 80°<G <90° GLAS CH [m] Conif., 60°<9 <70° GLAS CH [m]
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than TE : Difference behaviour respect rainforests

e Similar impact elevation angleon I' & TE
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Coniferous, SMAP PI
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., Moist Forests:
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e PI than dry forests: Slightly lower CH levels
e Results : Higher PI with higher I' and lower TE

e Despite SMC influence,
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Earth-reflected GPS signals collected CyGNSS ~ 15 dB: Significant

sensitivity to

70% TE and [ evaluated as a

TE at 6, ~[20,30]° &I at 6, ~ [60, 70]°
TE at 6, ~[20,30]° &' at 6, ~ [60, 70]°
TE & I' at 6, ~[80, 90]°
TE &I at 6, ~[60, 70]°
e Moist: TE & I' at 8, ~ [40, 50]°

Study : Focus mean values

Congo & Amazon rainforests: Feasibility to retrieve AGB up to
with Ousp O 4GB at 8, ~20° (use of TE)

Optimum functional correlation evaluated SMAP-derived PI, VOD & SMC

PI certain dependence with CH:

PI : Coniferous,dry, and moist forests

Over low AGB forests except over moist-forests

: Different performance depending type forest
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