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Objectives

* Provide first evaluation of Sentinel2 Level2B potential land biophysical
products performances

— LAl

— FAPAR

— CCC (Canopy Chlorophyll Content)
— CWC (Canopy Water Content)

* Propose guidelines for the validation of decametric products
* Propose additional campaigns




Outlook

* Prototype products considered

* Campaigns available

e Simulation of S2 L2a products

* Available ground measurements

e Results

e Conclusion



The prototype products considered

 CFI: Neural-networks trained on radiative transfer model simulations

Baret, F., Weiss, M. and Berthelot, B., 2009. Sentinel-2 MSI Products - WP1152 Algorithm Theoretical Basis Document for product Group B, INRA-EMMAH,
Avignon.

Verger, A., Baret , F. and Camacho de Coca, F., 2011. Optimal modalities for radiative transfer-neural network estimation of canopy biophysical characteristics:
evaluation over an agricultural area with CHRIS/PROBA observations. Remote Sensing of Environment, 115: 415-426.

* Non-CFlI: Vegetation indices calibrated with radiative transfer model
simulations

— LAIl: NDRE

Canisius, F., Fernandes, R. and Chen, J., 2010. Comparison and evaluation of Medium Resolution Imaging Spectrometer leaf area index products across a range
of land use. Remote Sensing of Environment, 114(5): 950-960.

— FAPAR: MGVI

Gobron, N. et al., 2006. Monitoring the photosynthetic activity of vegetation from remote sensing data. Advances in Space Research, 38(10): 2196-2202.

— CCC: MTCI

Dash, J. and Curran, P.J., 2004. The MERIS terrestrial chlorophyll index. International Journal of Remote Sensing, 25(23): 5403-5413.

— CWC: NDWI

Hunt, E.R.J., 1991. Airborne remote sensing of canopy water thickness scaled from leaf spectrometer data. Int. J. Remote sensing, 12(3): 643-649.
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The campaigns available

AGRISAR 2006

Speulderbos Beﬂnk

SPE elilderbos

EAGLE 2006

Allemagne

Belgique {LPragu
‘ Reépublique Tchéque

-Autrichg

Marmand'e‘;"”!»”EUVE SITAECIES .‘.J.- 'I EFLES 2007

' Clairac

EN3EXP 2009

Isola dilC 1rlr| SENI3EXP 2009

EN2FLEX 2005
SPARC 2003-2004



Available ground measurements

B Wheat
LAI, FAPAR, FCover LAI ® Corn
CAMPAIGN Desti ti 29 1%
SEN3EXP v~ v’ x v’ v’ x B Rapeseed
H Barle
SEN2FLEX v~ v~ x v~ v~ v’ ¥
m Alfalfa
CEFLEX v’ v’ x v’ v’ x .
m Onion
AGRISAR v’ v’ v’ v v x m Sunflower
SPARC v’ v’ x v’ x v’ Grass / Herbaceous

= Other

Mostly crops were sampled
Need for other experiments!

Several methodologies,
often poor documentation
Need for a guidelines!!

400
- B SEN3EXP WSEN2FLEX = CEFLES mAGRISAR
300
vy 250
>
v 200
(NN
I+ 150
100
50
o [
LAleff LAI FAPAR Leaf WC Canopy WC  Eff. Canopy Leaf Ch Canopy Ch  Eff. Canopy
WC Ch

Only few data available for some variables

Difference between effective and actual variables G



LAleff LCOR

Ground data: checking the methods

LICOR vs LICOR

y=0.25+0.88¢
Meon(y)=3.04 .

6 LV
SE~0.5 %
s TR L
N o i 'EI;E pg_-' E
& ‘H’l‘:ﬁ <} @ s
o 4 a B E—“"ll =
£ gt
: o Y50
O B
R
)
F o AGRISAR

ASEN2FLEX
SPARC-2004 1

a 1 2 3 4 5 & ¥
LAleff LICOR 1

N=06 R'=0.87 RMSE=0.54 B=-0.10 S=053

LICOR vs DHP

y=0,19+0.83x
Mean(y)=2.33

RMSE~0. 75
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N=88 *=0.83 RMSE=073 B=-0.23 S=0.69

Leaf Chlorophyll Content: CCM vs SPAD

SEW2FLEX: Leal Chlaraphyll Canl¢nt

The uncertainty attached to the

CWE SAMPLINGT (kg/m"}
N=116 R'=0.89 RMSE=066 B=-00+4 S=0.68

=—16.58+1 &y
. _iunm-u 81 a8 CCC can be estimated
f__-’*'fz"’ considering the uncertainties of
< ok e LCC (~5 mg.cm2) and LAl (~-0.5

“;; _ 8 for effective estimates)

E wob ) v - Example:

B g amara 1 Canopy LAleff=3 and LCC= 35
of cem Imgem? > CCC=  (11030)
R . 25 ®= mg.cm?, about 30%

a ] i} 10 40 50 -0}
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WN=201 R'=0.95 RMIE=438 B=2.47 5=3163
Canopy Water Content: Sampling1 vs Sampling2
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Simulation of S2 L2a products

ROSIS o

HYMAP

=asl

CASI_SENIEXP

CASI_SENZFLEX

CASI_SEMNZFLEX

HYFER

AHS_SPARC2004

AHS_SEMNZ2FLEX

¥

AHS_SEMN3EXH

AHS CEFLES

AHS_AGRISAR

s2 + I
L 1
(4] 0.5 1 1.5
Yi/awvelength am

A range of available airborne sensors

Not always the proper spectral sampling to simulate S2 (red-edge, SWIR)
Geometric performances not always very good

Radiometric calibration sometimes questioning

Atmospheric correction uncertainties

Use of the S2 simulator to get S2 L2a products

Need for better sensors (APEX, HYPER) ... and actual S2 data!!
8



Results (1): available database
* Ground data well organized with metadata

LAl
Brogs | 1ot [ESU|e | ape| MNething | Eastng E:fegﬁﬂlﬂ Land | StartDate | EndDate
Label | # Coerd Coord | =50 | Cover | (aaimmiyyyy) | (ddimmiyyyy) Nb. : _
Method |Replicatio| LAleff  |Uncerainty LAl Uncertainty
e .
1 al | 1| e | seodrr | 2io0es 20 | aia | 1wozemoos | 1voreoos Jucosse| a7 .74 .00 NA NA
1 al | 1| a1E1 | separr | 208t 20 | amaia | 1wozoops | 1vozeoos Jucomal o D74 0.1 m NA .
1 al | 1| mier | semerr | 2i0es 20 | aaia | 1womooos | qvomeoos | owe | o7 .34 NA 1.08 NA
1 a1l | 2| mier | somesa | zaner | 20 | ases | twomeoos | dwomeons Jucome| s D63 0.08 " NA
1 a1 | 2| a1E2 | somesa | paner | 20 | amis | twopooos | iwoseoos Jucoms| o .82 0.11 NA NA .
1 al | 2 | a1e2 | semesa | zinmer | 20 | amis | tiowzoos | qwovecos | owe | e 0.88 NA 116 NA
1 a1l | 3| mies | seoem | 2iizse | 20 | ass | twomeoos | dwomeons Jucome| s 058 .00 m NA
1 a1 | 3| a1es | sopert | tizse | o0 | msais | twomooos | awomeoos Jucoms| o .71 008 m NA =
1 a1 | 3| a1es | sopart | 2tizse | o0 | asais | twowooos | womeoos | oee | e D62 A 0.20 NA
12 ca | 31| caes | sopes | sapams | 20 com | twm7ooos | 1woreoos |ucoms| oe 354 015 NA NA
12 c3 | 31| caes | so0ee | zioeme | 20 com | 1io7zoos | 1woseoos |ucoms| oe 205 0.12 NA NA =
12 <3| 31| caEs | 3s0ed | 2apame | - oav com | 1ioreons | 1woreons | ome | s 4 === wa B8 1 ha
12 ca | a2 | caes | aopeds | 2apam | 20 com | twozons | 1woreoos | owe | 1o 54 A B.15 NA

-
o A I r b Number of flights/intruments Number of validation 2 I 2a We I I

points
SPARC 2003 ROSIS (2) HYMAP (4) 25
Org ESPARC 2004 AHS (15) 22
SEN2FLEX 2005 AHS (5) CASI (7) 100
AGRISAR 2006 AHS (34) CASI (18) 84
EAGLE 2006 AHS CASI
CEFLES 2007 AHS (70) HYPER (2) 164
SEN3EXP-B 2009 AHS (20) CASI (19) SASI (15) 60

SEN3EXP-SR 2009 AHS (17) CASI(15)  SASI (15) 26 9



Globe =

50-100sites

Site
10-50 ESUs/fsite

ESU

10-50 meas./ESU

Individual
Measurement

Baret , F. and Fernandes, R., 2012. Validation Concept, European Spddgisgency,

Results(2):

ESU

Ensemble
validation

Inter-

comparison

Precision

spatial & temporal
consistency
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database
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Scatter plot

map
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Results(3.1): LAI-AHS

CFl CCRS v1 v2

SENIEXP CF)—NNET SEMIEXF LAl RadEdge w1 SEMIEXF LA RedEdge w2
AHS A48B82% 14047 _POJAD MHS 090622 10042_P02A0 AHS 080622 10042 _P0240

1 ok i ;
o a2 % O% SR & 3
[ f'_'" ‘f, M it 4
v 8 9 e W L
=6 i B .
: "
5 8 :
3 e B
W WV
e T
- & ]
i v
13 -
0 e :

Large discrepancies!!
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LA CFI — NHNET

Results(3.2): LAI-AHS

SENJEXP AHS
 y=058+041x T LT
Mean(y)=1.30 AT
"N flights= & gt
Ground
unreliable

N=50

LA CFI — NNET

8
{:rau eusuremmts
= =055 R =140 HB=-0.4&8 5=132
S iP AHS
8 y=002+0.83x | e T
Mean(y)=2.31 i
"N flights= & sl

[

o O ]
E ?r'..--C E ;; ' 7
* Very |
] écr# ]
B Good
[P CEEL .

(4] F? o @ 1 1 1
1] 2 4 [ 8

Transfer Function

N=5§7 FR'=090 RMSE=0.87 B=-0.14 %S=0.66

LAl Red Edge

Cround Measurements

N=36

R*=0.21

RMSE=1.72 B=0.16

SEN3EXP AHS
_y-ll.lli-ﬂfll.ldx ot
| Meanty)=2.50
_N fMights Vl ’ ,“
X
#e 8- .
. 8

SENJEXF AHS

B =1.09+-0.00x
Meaniy)=1.03
"M flighta= 8

&

LAl Red Edge v2

4
Cround Measurements

N=25 R'=0.00

B y=-esa+3dax

SEN3EXP AHS

| Mean(y)=2.45
:N fights= &
6 . . .
= | : L AI(NDRE) not reliable
z Problem in the calibration
z
. 8 5
L& Red Edge
N=8] R'=068 RMSE=1.88 B=-0.30 S=1.65
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Results(3.3): LAI-AHS | LSA SAF

L

Ground

Laleff CFl = NNET
=
T

y=0.54+094x
| Maan{y)=1.83
M flights= 8

SENJEXP AHS

ﬁ" -- )
ofF
2

0

)
Graund Measurements

unr.eliab e N=58 R"'=0.84 RMSE=077 B=0.24

LAleff CFI — NNET

SEN3EXP A,H‘{-\ |

5=0.73

[1.4]

Mean{y)=2.49
"M flights= &

i y-'ﬁ.fﬁ-l-i 3

N=57

R'=0.91

4
Transfer Function
RMSE=1.06 B=0.73

5=0.76

SENJEXF AHS
8 y-0.49+0.ﬂd: ! ! _..-"'d"'
| Mean{y)=1.84 ey
[N flights= 8 o
[
<
i
&
-l
-’
4 & 8
Ground Measurements
N=58 FR"=0.78 RMSE=082 B=0.17 S=0.80
sengexe Afs O\
B2 0er.07x T
Mean{y}=2.10
"N flighta= 8
e
&
= ra
= =
I :
= |
=
s
3
B 8
Laleff LSA SAF
N=68 R'=0.90 RMSE=0.70 B=0.17 S5=0.68

Very good consistency with LSA SAF
Question for the high LAI values
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Results(3.4): FAPAR

SEMJEXP CFI-MMET
AHS Q90622 1004Z_F0240

Va 3
0’
";ez'. .. ”’
& p
A
.-'Q.

P

FAPAR

SENIEXP FAPAR MGV
AHS 0906822 1004Z_PO2AD

FAPAR

'r s
oy ' Very good spatial consistency

X q Some tuning for MGVI(S2)
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SEM3EXP CFI-MMET
AHS 090622 1004L_P0240

-

3 ;,'" \

FAFPAR CFI — NNET

FAPAR CFI — NNET

Results(3.5): FAPAR
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Cround Measurements
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10[ looatoledx |
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08
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Transfer Function

N=57 FR°=0.81 RMSE=0.12 EBE=0.03 5=0.12

FAPAR MGMI

FAPAR CFI = NMET

SENJEXP AHS
]_D 1_.-'-0.'2[ ;—0!2,!‘: T T T T T [ T T T T 7T ..I.-'I:’:
L Mean{y}=0.38 o
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0.6 N ﬁ -
0.4 %ﬁ% %1#.% .
o2r _-ergt .
- ‘f’,-f;_.¢ o .
0.0 K I I 1 I |
0.0 0.2 0.4 0.6 0.8 1.0
Cround Measurements
N=38 R'=018 RMSE=031 RA=-0.20 S$=0.23
SENJEXP AHS
1.0 yI-EI.I-I-I .H}!‘a.l — T T T T T T T T T -..._.:’,

| Mean{y)=0.60 T
N flights= & Li#: g0

0.0 [ ".--I i 1 i i
0.0 0.2 0.4 0.6 0.8 1.0
FARAR MGV
N=53 FR*=0.11 RMSE=0.34 B=0.21 5=0.26

Good performances

Some underestimation for MGVI(S2)
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: | AHS 090822 1004Z_PO2AD

N
- f;‘ v . '

15/15



SEN3EXP CFI-NNET
AHS 090622 1004Z_P02AD
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Results(3.6): CCC

SENJEXP AHS

L y=253..!iﬂ+0.?.1xl I I
r Mean{y)=554. 40
o500 - M flights= &

3ooo

2000

1500

1000 1300 2000

2500 3000
Ground Measuremeanta
N=4¢ FR'=061 RMSE=438 B=108. S=424,
SENJEXP AHS

2000 3000 4000

a 1000

Transfer Function
N=57 FR'=0.81 RMSE=547 B=284, S=474.

SEN3EXP AHS

3000

CEC {mg/m?) STCI
— By
n [=3
[= [=]
[=] [=]
T T

-
=]
=]
=]

s00f

T
[ y==78.90+0.62x

r Mean{y)=438.76 + 4
osap M flights= & vl

500

SEN3EXP CCC STCI
AHS 090622 1004Z_P0O2AD

ile]

v

L ¥ 1 L . -
=t a R
o ;%t

1000 1500 2000 2500

Cround Measurementa

N=31 R'=033 RMSE=732 HB=-388. S=821.
b o :
SENIEXP AHS Lo _ _
e R R T R RN N
C Mean{y)=1204.08 i . S
C N flights= & g S T T
L 3000F #
2 :
|
5, F
o~ 2000
S F
e -
E S . culll
b 1009% £
& _--'.. o o
 toa B
3 1 1 1 7 y
000 2000 3000 400 2 -
CCE (mg,/m®) STCI LA

N=53

R'=0.74 RMWSE=81838B=630.73 S=52|.4

Relatively Good performances for CFlI
Some inconsistencies for MTCI: calibratigi ggoblem?



SENJEXP CFI-NNET
AHS 090622 1004Z_P02AD
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Results(3.7): CWC
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Relatively Good performances for CFl
Some inconsistencies for NDWI: calibratipp, aroblem?
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Conclusions

* Organizing validation experiments

— Need proper guidelines for ground measurements

— Devices, protocols, sampling, processing

— A guideline was proposed
— Difficulties in getting proper S2 simulations from airborne campaigns
— Geometric uncertainties, radiometric calibration, atmospheric correction, spectral sampling ...

— As a result only few campaigns have been exploited

— Need additional campaigns (forests, with the dynamics!)

— A campaign was completed in June-September over the Hardth Forest (Mulhouse)

* S2 CFlI algorithm shows potentials
— Needs further validation including over simulated 3D scenes
— Non CFI (spectral indices) need probably a better calibration
— Will probably need fine tuning when actual S2 will be available
— Application to other sensors (Landsat8, DMC, Rapide-eye ...)
— Need compositing/fusion algorithms to fully exploit the temporal dimension

— Need for specific algorithms for LAI, CCC and CWC exploiting the knowledge on the landcover
18
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