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/ A Land Climate Data Record

"  Multi instrument/Multi sensor Science Quality Data Records used to %
guantify trends and changes

= W -

ﬁ-'—-“
"‘.\- - _:" = -
. “-\.‘

p— 'ln.'

- 81 82?’"84 85 86 87 88 89 90 91'92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 1617

N16
4—»4&@ > <

SPQT VEGETATION®

? g Mobls g -
. B - 7
AVHRR (GAC) 1982-1999 + 2003-2006 T Imih
MODIS (MO(Y)D@9 CMG) 2000-present PSSl
VIIRS 2011 — 2025 |

SPOT VEGETATION 1999-2000 Sentinel 3 SRS

Sentinel 3 2014

Emphasis on data consistency — characterization

rather than degrading/smoothing the data
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Needs to address geolocation,calibration, atmospheric/BRDF correction issue

CALIBRATION ATMOSPHERIC BRDF CORRECTION
CORRECTION

Degradation in channel 1
(from Ocean observations)
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* Generic Surface Reflectance Algorithm for

VIIRS, MODIS Landsat 8...

The surface reflectance algorithm relies on:

= the use of very accurate (better than 1%) vector radiative
transfer modeling of the coupled atmosphere-surface system

= the inversion of key atmospheric parameters (aerosol, water
vapor)

Home page: http://modis-sr.ltdri.org
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oSV Validation Effort

The complete 6SV validation effort is summarized in three manuscripts:

=Kotchenova, S. Y., Vermote, E. F., Matarrese, R., & Klemm Jr, F. J. (2006). Validation
of a vector version of the 6S radiative transfer code for atmospheric correction of
satellite data. Part I: Path radiance. Applied Optics, 45(26), 6762-6774.

=Kotchenova, S. Y., & Vermote, E. F. (2007). Validation of a vector version of the 6S
radiative transfer code for atmospheric correction of satellite data. Part |l.
Homogeneous Lambertian and anisotropic surfaces. Applied Optics, 46(20), 4455-
4464.

=Kotchenova, S. Y., Vermote, E. F.,, Levy, R., & Lyapustin, A. (2008). Radiative transfer
codes for atmospheric correction and aerosol retrieval: intercomparison study. Applied
Optics, 47(13), 2215-2226.
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Generic flowchart for atmospheric correction

Ancillary SR reflectances

(Ozone,
Water

Vapor, Atmospheric correction
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Aerosol inversion

Reading Inputs, LUT

and Ancillary data psurt determined (*) using paims Tam @Nd S,im

from LUT assuming AOT, Aerosol model
and knowing pressure, altitude, water vapor,

ozone... A
Using the relationship between the blue surface reflectance (490 nm) and the red
rerocol surface reflectance (665 nm) known from MODIS, we are able to retrieve the AOT.
Opt. Thick. .
and We IOOp the AOT until (psurf blue / Psur red)MSI ¥ (psurf blue / Psurf red)MODIS €
Aerosol model
for each pixel The retrieved AOT is used to compute ,
the surface reflectance at 443 and 2190 nm. 2 (Prsy — Ratiog, * o7
The aerosol model is then derived by minimizing the residual = 2
residual. 2
Surface Computation of surface Psut determined (*) using pay, Tam and

reflectance
for each pixel

S.m from LUT knowing AOT, Aerosol

reflectances .
model, pressure, altitude, water vapor,

and for all channels A
each band
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.....

Methodology for evaluating the performance
of surface reflectance

SUbSEtS Of Level 1B Comparison

data processed using < > | Reference data set
the standard surface \
reflectance algorithm

Atmospherically
corrected TOA
reflectances derived
from Level 1B subsets

AERONET measurements
Vector 6S _
(Taer, H,O, particle distribution

Refractive indices,sphericityeri)

http://modQ9val.ltdri.org/cqi-bin/mod09 c005 public allsites onecollection.cqi
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guantitative assessment of performances
(APU)
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COLLECTION 5: accuracy or mean bias (red line), Precision or repeatability (green line)
and Uncertainty or quadratic sum of Accuracy and Precision (blue line) of the surface
reflectance i band 1 in the Red (top left), band 2 in the Near Infrared (top nght also shown 1s
the uncertainty specification (the line In magenta), that was derived from the theoretical error
budget. Data collected from Terra over 200 AERONET sites from 2000 to 2009.
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[bookmark: _GoBack]COLLECTION 5: accuracy or mean bias (red line), Precision or repeatability (green line) and Uncertainty or quadratic sum of Accuracy and Precision (blue line) of the surface reflectance in band 1 in the Red (top left), band 2 in the Near Infrared (top right also shown is the uncertainty specification (the line in magenta), that was derived from the theoretical error budget. Data collected from Terra over 200 AERONET sites from 2000 to 2009.
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Improving the aerosol retrieval In
collection 6 reflected in APU metrics
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COLLECTION 6: accm‘acy or mean bias (red ]Jne) Prec1s10n or repeatability (green line)
and Uncertainty or quadratic sum of Accuracy and Precision (blue line) of the surface
reflectance in band 1 in the Red (top left), band 2 in the Near Infrared (top right also shown is
the uncertainty specification (the line in magenta), that was derived from the theoretical error
budget. Data collected from Terra over 200 AERONET sites from 2003.
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[bookmark: _GoBack]COLLECTION 6: accuracy or mean bias (red line), Precision or repeatability (green line) and Uncertainty or quadratic sum of Accuracy and Precision (blue line) of the surface reflectance in band 1 in the Red (top left), band 2 in the Near Infrared (top right also shown is the uncertainty specification (the line in magenta), that was derived from the theoretical error budget. Data collected from Terra over 200 AERONET sites from 2003.
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Aerosol retrieval also

shows improvement
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Scatterplot of the MODQ09 AOT at 550nm versus the AERONET measured
AOT at 550nm for East Coast sites selection: GSFC (top left), Stennis (top
right), Walker Branch (bottom left) and Wallops (bottom right).
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@ Aerosol retrieval also shows improvement
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Scatterplot of the MODO09 AOT at 550nm versus the AERONET measured
AOT at 550nm for for a very bright site in Saudi Arabia (Solar Village)
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VIIRS Surface reflectance

the VIIRS SR product is directly heritage
from collection 5 MODIS and that it has been
validated to stage 1 (Land PEATE adjusted
version)

MODIS algorithm refinements from
Collection 6 are being integrated into the
VIIRS algorithm and shared with the NOAA
JPSS project for possible inclusion in future
versions of the operational product (NDE) .
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¥ The need for a protocol to use of AERONET data @

To correctly take into account the aerosols, we need the aerosol microphysical
properties provided by the AERONET network including size-distribution (%C;,
%C,, C;, C,, I't, I, 6,, ), complex refractive indices and sphericity.

Over the 670 available AERONET sites, we selected 230 sites with sufficient data.

To be useful for validation, the aerosol model should be readily available anytime,
which is not usually the case.

Following Dubovik et al., 2002, JAS,*? one can used regressions for each
microphysical parameters using as parameter either 1., (aot) or t,,, and o
(Angstrém coeff.).

The protocol needs to be further agreed on and its uncertainties assessed
(work in progress)
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ACIX: CEOS-WGCV Atmospheric Correction
Inter-comparison Exercise
(ESA/NASA/UMD)

The exercise aims to bring together available AC processors (actually 14
processors including SEN2COR, MACCS, L8-S2-6SAC, ...) to generate the
corresponding SR products.

The input data will be Landsat-8 and Sentinel-2 imagery of various test sites,
l.e. coastal, agricultural, forest, snow/artic areas and deserts.

Objectives
To better understand uncertainties and issues on L8 and S2 AC products
To propose further improvements of the future AC schemes

* 1st Workshop in June 21st-22"d @ University of Maryland (by invitation): to

elaborate concepts, protocols and guidelines for the inter-comparison and validation of SR products

Program (with first suggestions) will be provide April 30" (available on the web site for eventual end
users feedbacks)

* 2nd workshop in January 2017 (open)

https://earth.esa.int/web/sppa/meetings-workshops/acix
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Use of BRDF correction for
product cross-comparison
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Comparison of aggregated FORMOSAT-2 reflectance and BRDF corrected MODIS
reflectance. Corrections were performed with Vermote al. (2009) method using for each day
of acquisition, the angular configuration of FORMOQOSAT-2 data.
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[bookmark: _GoBack]Comparison of aggregated FORMOSAT-2 reflectance and MODIS reflectance. No BRDF correction. Density function from light grey (minimum) to black (maximum); white = no data.
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[bookmark: _GoBack]Comparison of aggregated FORMOSAT-2 reflectance and BRDF corrected MODIS reflectance. Corrections were performed with Vermote al. (2009) method using for each day of acquisition, the angular configuration of FORMOSAT-2 data.
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Cross comparison with MODIS over BELMANIPZ

The VIIRS SR is now monitored at more than 400 sites
(red losanges) through cross-comparison with MODIS.
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Results over BELMANIP2

YIIRS ws Terra MearInfrared YIIRS ws Aqua NearInfrared
104 . . , . 1.045 ; . " ' " " LANIPERTE C1,1, rr ir
LAWMDPEATE C1.1. reprocessing —— +1. reprocessing ——
LANIPEATE F\djustgd As 3003 LANDPEATE Adjusted AS 3002
1,035 F i 1,04 4
1,03 J 1,035 i
1,025 F J 1,08 F 4

102

1,005 | \ ]

\/ L
1015 F \/\/ 4\/ i 102 _\\w:. i
P
101} | L ]

1,008 b J 1,01 b J
1} J 1,005 f J
0,995 L L L L L L L L L 1 L L L 1 L L L L L
2012 012,27 20124 2012, 2012,8 2043 2012,2  2013,.4 2013, 2013,8 2014 012 2012,2 20124 2012,6 20128 2013 2013,2  2013,.4  20135,6 2013.8 2014

STAR JPSS Science Team Meeting, August 8 — 12, 2016, NCWCP, College Park, MD



1.04

MASA Il:l,l r*epr‘u:u:.essing I:uanu:ll MY ——

1,03 F -

1,02 -+Hh4Hgjd#}h*xRM_+“grHF4\*4h*AH1Hkﬁ~*fr’#ﬁEF4ffffﬂftHhﬁ\hﬁ,"*Ah+“jﬁﬁ+4H¥HHu-

1,01 F -

0,93 F -
0,358 F -

0,37 F -

0.96 : . . . : . :
2012 2012.5 2013 2013.5 2014 2014.5 2015 2015.5 2016

Cross comparison results of the VIIRS and MODIS-
Agua SR product on a monthly basis for the
BELMANIP sites reprocessed version (C1.1) for the
near infrared band (M7).

STAR JPSS Science Team Meeting, August 8 — 12, 2016, NCWCP, College Park, MD



&
IENT OF @

s
4

f Enterprise VIIRS S
has been tested

- NPP_SRFLMIP_L2

Iminary version o

ASA
& Prel

hdf

A201

imager

X

5002.1221.P1_09998.2016123999299

.hdf

ived

2015002.1221_LPEATE_deri

A

NPP_SRFLMIP_L2.

imager:

X

.1221.hdf

5002

imager:

X

ERELC_AOT_NPP_SRFLMIP_L2.A201

STAR JPSS Science Team Meeting, August 8 — 12, 2016, NCWCP, College Park, MD



Preliminary version of Enterprise VIIRS SR
as been tested

%| imager pixel values

Fow 460, column 14392, current resolution 1 —->

ml

na

n3

i

nh o+

ny

nd

mld

mll

OF1_YIIRSSRIPSIR

SUM GLINT

low sun mask

- day/night

- cloud detection & confidence
cloud mask quality
OF2_YIIRSSRIPSIR

thin cirrus emissive

thin cirrus reflective

snou 1ce

- heavy aerozol mask

— shadow mask

land/water background
OF3_YIIRSSRIPSIR

bad M10 IR data

bad M3 SOR data

bad M7 SIR data

- bad M5 SIR data

- bad M4 SIR data

bad M3 5IR data

bad M2 SIR data

bad M1 SIR data
OF4_YIIRSSRIPSIR

mizzing PU input data
irvalid land AM input data
mizsing AOT input data
overall quality of AOT

bad 12 5IR data
bad I2 SIR data
bad I1 5IR data
bad M1l SIR data
UF5_YIIRSSRIPSIR
overall quality
overall quality
overall quality
overall quality
overall quality M2 5R data
overall quality M1 5R data
mizzing SP input data
mizsing 0Z input data
UFE_YIIRSSRIPSIR

M7 SR data
M5 SR data
M4 SR data
M3 5R data

[page
B3 {0,006900)
115 (0,0115007
174 {0,017400)
366 (0,035600)
270 (0,027000)
2801 (0,260100)
2633 (0,263300)
1273 (0,127300)
G4 (0,051400)
{0010 )
0 {none)
0 thigh)
0 (day)
0 (confident clear)
2 (medium)
(00000001 )
0 fno
{no
{na

cloud)
cloud)
show/ice)
(o heavy aerosol
{no cloud shadaw)
1 (land no desert)
(00000000 )
0 f{nod
{no)
{rod
{nod
{nol
{rod
{rod
0 {hod
00000000 )
0 (no)
{valid)
{no)
{good)
{rod
{nol
{rod
0 (no)

0
0
0
0

oo oo oo

oo o oo o

252 (11111100}

1 (bad}
(bad)
(bad)
{bad)
(bad)
(bad)
(no)
0 f{nod

=

63 (00111111}

%| imager pixel values

460, column 14392, current resolution 1 --»

_YIIRSSRIPSIR

SUN GLINT

—= low sun mask

—- daysnight

cloud detection & confidence
cloud mask quality

_YIIRSSRIPSIR

thin cirrus emissive

—= thin cirrus reflective

—= snow/ice

—= heawvy aerozol mask

shadow mazk

land/water background
YIIRSSRIPSIR

bad M1 SIR data

bad M3 SDR data

bad M7 SIR data

bad M5 SDR data

bad M4 SDR data

bad M3 SIR data

bad M2 SIR data

bad M1 SIR data
YIIRSSRIPSIR

mizzing Pl input data

—— invalid land AM input data
mizzing ADT input data
overall quality of AOT
-= bad 13 SIR data

-= bad 12 SIR data

bad I1 SDR data

bad M1l SIR data
YIIRSSRIPSIR

overall quality M7 SR
overall quality M5 SR
overall quality M4 SR
overall quality M3 SR
overall quality M2 SR
overall quality M1 SR
mizzing SP input data
mizzing 02 input data

data
data
data
data
data
data

_YIIRSSRIPSIR

73
106
173
LT
270
2690
26332
1258
433

[page
{0, 0073007)
{0,010600)
{0,017300)
{0,025600)
{0,027000)

{0, 259000}

(0, 263200}

(0,125800)
{0,043900)

2 (00000010}

0
0
0
0
2

{nane

(high)

{dau)

{confident clear)
{medium}

1 (00000001}

0
0
0
0
0

1

cloud)

cloud)
snow/ice)

{no heavy aerosol
{ra cloud shadaw)
(land no desert)

(i
(no
(no

0 (00000K0)

0

oo oo oo

0

{no)
{na)
{no)
{no)
{na)
{no)
{no)
{no)

A

0

oo oo oo

0

{no)
{valid)
{na)
{good)
{no)
{no)
{na)
{no)

252 (11111100}

1

= N e

0
63

{bad)
(bad)
(bad)
(bad)
(bad)
(bad)
{no)

{na)

(00111111}

— —— o —
[ NoN | imager pixel values
Row 460, column 1432, current resolution 1 ——3> [page
ml 182 (0,015200)
n2 132 (0,019200)
m3 239 (0,023300)
md 401 (0,0401007
ng ¥ 307 (0,030700)
e 2559 (0,255300)
m 2603 (0,260300)
mld 1262 (0,126200)
mll 508 (0,050800)
UF1_WIIRSSRIPSIR 2 (00000010
————— SUN GLINT 0 (none)
————— low sun mask 0 thigh)
————— day/night 0 (day)
————— cloud detection & confidence 0 (confident clear)
————— cloud mask quality 2 (medium)
UFZ2_WIIRSSRIPSIR 1 (00000001 )
————— thin cirrus emissive 0 {no cloud)
————— thin cirtus reflective 0 (no cloud)
————— show/ ice 0 {no snow/ice)
————— heavy aerozol maszk 0 (no heawy aerosol
————— shadow mask 0 (no cloud shadow)
————— land/water background 1 {land no desert)
UFZ_WIIRSSRIPSIR 0 (0000000 )
————— bad M10 SIR data 0 (no)
----- bad M3 SDR data 0 {nod
————— bad M7 SIR data 0 (no)
————— bad M5 SIR data 0 (no)
————— bad M4 SDR data 0 f{nod
————— bad M3 SDR data 0 f{no}
————— bad M2 SIR data 0 (no)
————— bad ML SIR data 0 {na)
0F4_VIIRSSRIPSDR 0 (00000000 )
————— mizsing Pl input data 0 {nal
————— irwalid land AM input data 0 (walid}
————— mizsing AOT input data 0 (o)
————— overall quality of AOT 0 {good)
————— bad I3 SIR data 0 (no)
————— bad 12 SIR data 0 {nod
————— bad I1 SDR data 0 {nod
————— bad M11 SIR data 0 (no)
UF5_WIIRSSRIPSIR 252 (111111000
————— overall quality W7 SR data 1 (bad)
————— owerall quality M5 SR data 1 (bad}
————— overall quality M4 SR data 1 (bad}
————— overall quality M2 SR data 1 (bad)
————— overall quality M2 SR data 1 (bad}
————— overall quality M1 SR data 1 (bad}
————— mizsing SP input data 0 {nal
----- mizsing 0Z input data 0 (o)

UFE_YIIRSSRIPSIR

63 (00111111}

STAR JPSS Science Team Meeting, August 8 — 12, 2016, NCWCP, College Park, MD




Preliminary version of Enterprise VIIRS SR\
has been tested
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Preliminary version of Enterprise VIIRS SR
has been tested
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Conclusions

Surface reflectance (SR) algorithm is mature and
pathway toward validation and automated QA is clearly
identified.

Algorithm is generic and tied to documented validated
radiative transfer code so the accuracy is traceable
enabling error budget.

The use of BRDF correction enables easy cross-
comparison of different sensors (MODIS,VIIRS,AVHRR,
LDCM, Landsat, Sentinel 2 ,Sentinel 3...)

AERONET is central to SR validation and a “standard”
protocol for its use to be defined (CEOS CVWG
Initiative)
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