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Sen2Cor processor overview

Atmospheric correction processor for Sentinel-2 data

» Tool for Sentinel-2 mission

» Atmospheric Correction over land surface

» Processing mono-temporal orthorectified L1C granules

» Two main modules : Scene Classification (SCL) and Atm. Correction (AC)

Correction

Level-1C Level-2A

conversion

11 bands (60m)
9 bands (20m)
4 bands (10m)
AOT Map (20m)(60m) >
WV Map(20m)(60m)
Classification (20m)(60m)
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SCL: series of threshold tests on L1C
spectral bands, band ratios and indices
AQT (550 nm): DDV-algorithm
Optional cirrus correction preprocessing

WYV retrieval: Atmospheric Pre-corrected
Differential Absorption Algorithm (APDA)

BOA: terrain correction, adjacency corr.,
empirical Bidirectional Reflectance
Distribution Function (BRDF) corrections




Validation procedure ¢ {cesa

\
Cnes European Space Agency
Sen2Cor processing: BOA-validation:
« rural aerosols « Pixel-by-pixel comparison with AERONET corrected
- summer profile (surface reflection) data:
« ozone content from metadata « Considered only non-saturated, non-cloudy pixels

NO cirrus correction

terrain correction with SRTM-DEM statistical metrics:
« Accuracy (A): median difference to reference value

AOT & WV validation: e Precision (P): rms around mean value

direct comparison with AERONET « Uncertainty (U): rms around reference value

satellite overpass time £15 min

Reference value
9km x 9km area around sunphotometer Brobeblity P—
all vegetated, non-vegetated and density
and snow pixels \

High accuracy, High precision,
but low precision but low accuracy
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Validation data set (AOT and WV) e =@sa
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703 granules from 2017-2019
from 36 test sites over all climate zones

......

337 DDV, 365 noDDV
371 nearly cloudless, 331 cloudy
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AOT validation Sen2Cor 2.8 C @esa
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new fallback solution




AQOT validation Sen2Cor 2.8

complete set DDV subset

No. of products 702 337

within requ. 36% 48%
r (Pearson’s corr.) 0.45 0.80
Accuracy (A) 0.004 -0.01
Precision (P) 0.23 0.10
Uncertainty (U) 0.24 0.11

DDV subset
S2A

160
46%
0.78
-0.01
0.10
0.10

DDV subset
S2B

177
49%
0.81
-0.01
0.10
0.11
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Complete set
summer

459
39%
0.44
0.003
0.18
0.19
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Complete set
winter

243
30%
0.50
0.01
0.30
0.31

« Acceptable APU for DDV subset, complete set will become better with new fallback solution
* No significant difference between performance of DDV-algorithm for S2A and S2B data

« Data set for winter quite small, dominated by low AOT-values
Wmter data g|ve worse performance for |nvest|gated data set




WV validation Sen2Cor 2.8 ¢ {cesa
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| @ subset cloud cover > 5% u |
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‘ : B Z %123 f:nr:] » Dashed line: Sen2Cor_output = Reference  Trend: little
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Validation data set (SR) = “@Sa
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« 67 granules from January to July 2016
« from 11 test sites over all climate zones
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8 W with DDV =

No of products

Pretoria N

Rimrock

Sede Boker NN

Sioux_Falls

Venise I
Wave CIS I
Yakutsk NN

GSFC 1l

ND_Marbel_u..

o N B o
Alta_Floresta N
|
Beijing 1
Canberra EE——
Davos |
Gloria N

Sirmione NN

Thornton [N

Carpentras

Capo Verde |

* Vegetation (DDV) site * arid (noDDV) site
* water site
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SR validation Sen2Cor 2.5 (Band 8a) é {zesa
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SR validation Sen2Cor 2.5 (all bands >
( ) cnes ©

CENTRE NATIONAL European Space Agency
D'ETUDES SPATIALES

003 set0 003 : - - st 003 - - - ast0n 003 —_ e E 0o o e+08
accurtey —— ooy —— sacurney —— oy ——
I uncertainty —— uncertainty —— uncertainty —a— ancertaingy ——
d o APU landaen2Car25 Band 03 idgard ety —— o /i i b
ooz 4 0.025 - 524 Sutacs fefectance performance b of painks 4 0025 - S2A s b of pants 0.025 - 524 Sutacs Refisctance pertormafice b o points < o0z ance o orpainis
aeroe rbp= 38335158 rbp= 383311 rbp= 38332865 > e
Ay Tth 0,10 | P oy Tt 914027 S Ay TR 01734 7
Accureey -0.00634 Precision 0.01892 . Acturaty D.00412 Precisicn 0 . Accuracy 0.00528 Precision 0.03723 Accuraty 0.0-852 freciggn 0.00122
sz e S B [ R 1 ez | AR i /| o | e e .
. : . : q 2et08 . 3 26408
36408 o -
oo oo - 4 oo oo 4 oo
3 20408 20408 B 0 5
20408
oot 001 4 oot 001 4 oot
1 1eros Le+6
1 tetis 1et08 I
0008 Le+os 0008 ] 0008 ooos | L J 0008 P
! b
1 e
o o o o o o i
o 2 o 005 o1 ois oz R o oos o1 o 0z oz 03 a4 o oms o1 o1 0z 0z o3 o3 o4 ods bes o1 o5 0z oz 03 om 04 045 65
Surtace Paflectance Tuth Surtace pefiectance Tuth Surtace Paflectance Tuth Surtace pafisctance Tuth
003 — — 2et08 003 —_— 2t08 003 - - - - 26108 003 —_ ————— 2t08 003 2t
P P o ——
precision _ prscson y -
unceriai uncarta “ —
APU lanis n2Car2 Band 08 U o aand 0 d 8s e spats —— ested spack
0025 - 52A suriacs Aefitancs parorman, b oroaints 2— 0.025 - 524 Surfacs Refictance partormanc 0025 - S2A Surfscs rfactance parisrmance 0.025 - 524 Surfacs Refictance perormanced " nh of pbines - 002 o o pans
o / rbp= 38332773 , rbp= 20634292 rbp= 38332768
oy P A Tuth 0 28801 oy A 077758 "Tth 30772
et ‘nciuMacy 0 008D Pretisian 0.0298 ‘Acturacy 000503 precision 9.02618
ooz | om 1 a0a | e o308% 20z | Uncartaity 0.52508 2 - B08 .
0015 4 0015 ol 0015 0015 4 0015 B 1 1
1008
ERE ls+08 / o Lekos Le+06
BOG i I
so0s p i o0 1#1 4 oS o0 L i o0
>
PAREC L Ik
T LT T T T )
o o o o
bes 01 o1 0z oz 03 03 04 045 0s 005 @1 015 02 05 03 035 04 o045 05 055 w5 0z 0s 03 03 oa s 01 01 02 oz 03 om o4 os  oss o5 01 o5 02 025 03 035 04 045 05 055 s
Surface Ralectanes Tith Surtace Paflectancs Tuth Surtace pefiectance Tuth Surtace Paflectancs Tuth Surtace pafisctance Tuth
003 i 20408
o —
csion <
APU landsenzCoras Band { o —
landsenzCorzs Ban suggestad speés
0.025 | 52 Surface Reflectance ce Sty
32 i 4
02 ;
oo
18406
BTy : -
3 RN -

1 12-14 March 2019 s 14 : ; S i & N




SR validation Sen2Cor 2.5 (Band average) é @iesa
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B eirial SRS
0.05 | —— Accuracy | Sen2Cor25, complet? Sﬁtu ., Sen2Cor25, complete set, rel. to avg. reference
Precision ? ] ‘ ——Accurac
0.04 ~—*Uncertainty 0.80 2 25% - ‘ ¥ ————
B avg specs ) e % 3 ‘ +—Precision
§ - --SR Average Truth / = “3 ] \\/\ - —»—Uncertainty
0.03 0.60 5 g & , X
) T sl e 15% - . .
& 0.02 - i : 0.40 g_," o0 10% ] =
m =
A : T _l’___,i.-— E ~ 5% -
& 001 I 0.20 3 = ]
2 ﬁb-'+'—-‘b— 7 é:- 0% *;
0.00 l\{/ — 0.00 L 5% -
| | | 3
L.. | | | -10% T T T T T T T T T T T T
-0.01 T T T -0.20
T 3 % 4 1 2 3 4 5 6 7 8 8A 11 12
Band
Band average accuracy: Band average uncertainty and precision:
» Value increasing with wavelength » absolute valuse for P and U increase,
> within specs and within 5% relative to reference relative values P and U decrease with wavelength

except band 5, 12 » outside 5% relative to reference
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Sen2Cor SR retrieval compared
with SR measured on ground
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Example data: 04.05.2018, Lake Stechlin, Northern Germany (53.15°N, 13.03°E) | , Sen2Cor vervzs Pubic ]
0.50 ’SR spectra for S2 on meadow(grass)‘ —©—SRreference (SRF 52B) % 0.30 g A
_ 4 Sen2Cor25 scihub (20m) z A
£ 2
S 0.40 --A--Sen2Cor28 Public (20m) E
= 5 020 & .
& i £ X A on meadow
E 0.30 - T‘ ~~~~~~~~ '-% ® on lake
o Q
] ] e & 010 - A x=y
E 0.20 1 e § A lower specs
g D g N "
upper specs
£ 010 000 & —— s
g ; | 0.00 0.10 0.20 0.30 0.40
3 000 - : SB spectrs torS2ii ldke iwsnat) SR reference of individual bands
400 700 1,000 = | —e—SR reference (SRF 52B) I
Wavele %0'04 4 Sen2Cor25 scihub (20m) Sen2Cor25 water -
E | | --A--5en2Cor28 Public (20m)
NDVI Grass | § 93 | r Pearson’s corr. 0.897 0.973
s
Sen2Cor25 0.54 g 002 s RMSD 0.005 0.022
S -
h-] 4 A
reference 0.53 £ .
i A\ N > Good shape and
s . SAxAAs T
- £ -k & . .
Sen2Cor-reference 0.01 | = ,,, . . . s ‘ 3 intensity correctness
700 1,000 1,900 k. < i 0

1,300
Wavelength [nm]
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— Processor performance for Sen2Cor 2.8 further improved

= AOQOT estimation: A = 0.004, P = 0.23, U = 0.24, 36% within specification
= WV retrieval: A =-0.1g/cm?, P =0.2g/cm?, U= 0.2 g/cm?, 94% within specification

> BOA reflectance: Results still for Sen2Cor 2.5

» Accuracy (A), Precision (P) and Uncertainty (U) are within specification for large amount
of pixels

» Good shape and intensity correctness of SR retrieval
relative to reference measurement on surface

o Validation with AERONET-corrected surface reflectance as reference must be supplemented
by more measurements

establishment of permanent working test sites, ad-hoc campalgns

2=14 Marc'h
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AOT550 retrieval ranking per climate zone

= Sen2Cor 2.8 public CﬂES Funpnss Tpnca figoncy
Complete Total |Products U Fraction Total |Products U
set no. of | within |(Uncerta| of DDV | | DDV subset| no. of | within |(Uncerta
products| requ. inty) | products products| requ. inty)
Polar 31 [ 48% | £006 | 74% | | Midlatitude N 89 [| 60% | +0.07
Temperate 108 47% +0.12 77% Subtropical S 21 52%
Subtropical S 60 42% + 0.07 35% Polar 23 52%
Midlatitude N 247 39% +0.10 36% Temperate 83 49% + 0.08
Tropical 117 37% +0.29 75% Tropical 87 39% +0.14
Subtropical N 97 || 16% | £051 | 26% | |Subtropical N 25 [| 32% | £0.18 |
Midlatitude S 42 N 7% +0.12 21% Midlatitude S 9 WV 22% + 0.06

=» DDV subset: All of polar, temperate, midlatitude N and subtropical S perform similar
»  Significant worse performance in Tropics

»  Worst performance: subtropical N, but it is 1 only test site (Kanpur)
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AOT550 retrieval ranking per climate zone > &;esa

9 Sen2Cor 2.8 public )= S —
DDV subset Total | Products U DDV subset | Total | Products U
top 11 with no. of within (Uncertai worst 11 with no. of within (Uncertai

at least 5 products products requ. nty) at least 5 products products requ. nty)
Berlin FUB 9 78% + 0.05 Pontianak 11 45% +0.15
POLWET _Rzecin 22 73% +0.05 XiangHe 9 44% +0.13
Madrid 56 64% + 0.05 Marbel Univ 5 40% + 0.06
Alta_Floresta 14 64% +0.05 Lope_Gabon 5 40% | 025 |
Mongu_Inn 5 60% + 0.05 Medellin 20 35% +0.08
Bonanza_Creek 17 59% + 0.05 Yakutsk 6 33% + 0.05
GSFC 23 57% + 0.09 Kanpur 25 32% +0.18
ltajuba 14 50% | #0.04 || Jabiru 7 29% +0.06
Rimrock 23 48% + 0.06 CEILAP-BA 8 13% +0.07
Bujumbura 13 46% +0.14 Belsk 18 11% +0.13
Yekaterinburg 1Y | 45% £0.06 || llorin 1 Y 0% |+026




