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Introduction to the Landsat & Sentinel-2
Synergy Project

Since the opening of the USGS Landsat archive, there has been
increased interest in intra-annual time series applications at 30m
resolution

— Agricultural monitoring (e.g. GEO-GLAM)
— Vegetation biophysics (LAI, fPAR, productivity)
— Phenology and climate linkages

— WELD data products
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Sentinel-2 and Landsat Fusion

Merging Sentinel-2 and Landsat data streams could provide < 5-day coverage
required for Ag monitoring

* Both sensors have 10-30m coverage in VNIR-SWIR
e S-2a launch in mid-2014; S-2b launch late-2015

Number of times LDCM and
the Sentinel 2 satellites

The large number of blue colored bands accessed areas on the ground

(>41 accesses) indicate that the revisit

interval over the majority of the region is IR o over an 80 day period of time.
on the order of 2 days. o S

=3

— 21 accesses
indicates a
maximum revisit
interval of ~3 days
19 hours

— 46 accesses
indicates a minimum
revisit interval of ~1
day 18 hours




Proposed Sentinel-2 / Landsat Architecture
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LDCM / Sentinel-2 Fusion

LDCM Level 1T S2 Level 1C
MODIS BRDF coefficients
Atmospheric corrections | { (CMG)
& Cloud-masking [ LDCM Level 2A | [ S2level2A |
LEDAPS | Land cover |

LDCM & S2 Cloud Mask

!

A

y

Reference Cloud Mask

MODIS & VIIRS
SR (CMG)

A

BRDF correction

+—

High resolution BRDF
coefficients retrieval

\

A

y

A

y

LDCM Surface Reflectance
(30m, LDCM bands)
+ BRDF coefficients

S2 Surface Reflectance
(10/20/60m, S2 bands)
+ BRDF coefficients

| Theta s = f(lat) \

il it s ]
L

Band-pass adjustment

Re-gridding

\ 4

Merged Surface Reflectance

Inter-comparison
— Production flow




Consistency of SPOT4 (Take 5)
surface reflectance data

Comparison with MODIS surface reflectance data

M. Claveriel2, E. Vermotel, J. Masek?

1- NASA Goddard Space Flight Center
2- UMD, Dep. of Geographical Sciences



Introduction — Maricopa site




Take-5

Introduction — Maricopa site

* 2 tiles from 2 paths
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Introduction — Maricopa site

Aggregated 60m Area
I

I I |
+ SPOT4 +
X Landsat7 Jﬁ
+ Spec. L7 1
r !
+
poot
+ ° " %
+ T X
+ +
+ + +%
T o+
Spec. Landsat = 0.005 + 0.05 * rho
| | | | |
Feb Mar Apr May Jun

Multiple factors which can impact observed changes:

Surface itself

Spectral (~ 100 nm vs ~ 35 nm)

Spatial (20 m vs 30 m + PSF)

Directional (4 viewing Angles in total)

Temporal (sun angle and atmospheric condition)




Introduction

=> need to validate (or inter-compare) Surface
Reflectance (SR) products.

Currently, validation of SR are mostly validating over
Aeronet sites.

=> need a more systematic method to evaluate the
consistency of the products

Inter-Comparison SPOT-4 Take-5 SR data with MODIS
SR data



Why MODIS?

Terra 2002 2009 Valldatlon Results
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* Daily global observation A =
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* On board on 2 active platforms

B8.825 |
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* MODIS SR (MODO09) products e
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validation strategy over Aeronet | ~~ o e

. Accuracy (red line), precision (green line), and
Sltes_ uncertainty (blue line) over the directional surface
reflectance in MODIS/TERRA band 2 binned in 0.01
increments of reflectance. Also shown are the
number of points in each bin (blue bars) with the
value on the left and the error budget of suggested
uncertainties (magenta line).
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Dealing with various characteristics

1 T
e Comparing SR products is not an easy task | - .. o
since differences in term of acquisitions | £+
and sensors characteristics has to be PR NIV A\ in
taken in account: 2 om)

SPOT-4 Take-5 MODIS (Terra & Aqua)

Spatial 20m 250-1000m %

Spectral 4 bands 7 bands %

me’t‘“od ©
Directional Bv = [0° - 30°] Bv = [0° - 60°] Need a o
Temporal 5-day revisit period (constant viewing angle) 1-day revisit period (variable viewing angle) cecth 2
AM overpass AM & PM overpass o\

e 2 various Atmospheric correction method:
— SPOT-4 Take-5: MACCS (Hagolle et al., 2008)
— MODIS: 65-based (Vermote & Saleous, 2006)



VJB model to correct BRDF

(Bidirectional Reflectance Distribution Function)

e VJB Model (Vermote et al. 2009) e, | CMG pixels
— Relate BRDF parameter to NDVI - A
— Simplification of BRDF Kernels using 2 proxy: ¥

R&V
P(Oout) = p(bin) X K (Oout, Oin, R, V')
0 Stands for QV? 95', A@

— using MODIS CMG (0.05°), R & V were found e
well-correlatedto NDVI SIS

...............

R=a, x NDVI+b, | TP
V=a2 X NDVI+b2

a,,b,,a,b, parameters were retrieved at
global scale (at 0.05°) for each MODIS band
e
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BRDF parameter: R

(b) Vermote et al. (2009)



Method of the inter-comparison

inter-comparison was conducted at the CMG
resolution = VJB model resolution

Same day comparison

cloud-, cloud/shadow-, snow- and water-free from
both products

SPOT4 SR — 20m MOBIS SR = EMG
eMODIS

v

(Bv, s, Ad)spora (©v, Bs, A8)yopis

A 4

BRDF Database

Aggregation to CMG VIB Model
(aby,ay, b))
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SPOT4 SR - CMG . MODIS SR - CMG
Comparison
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Results — Maricopa sites — Without BRDF correction
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Results

— Maricopa sites — With BRDF correction
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Results — Maricopa sites — With BRDF correction
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Results — All sites
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Band-Pass correction
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Band-Pass correction

1
08fr
| MODIS RSR
v o4t
S | SPOT4 RSR
'0 | | __L ] «— ProSail Simulation

A (nm)

400 1000 1200 1400 1600 1800 2000 2200

{ MODIS SR, 7 Ayop;s ]

200k ProSail Simulations
(including a large range
of vegetation cover and
characteristics)

A\ 4

200k synthetic
MODIS SR (7 bands)

Y

200k synthetic
SPOT4 SR (4 bands)

\ 4

BRDF Database
[ MODIS SR, 4 Ao ] (ai,by,a; by)

SPOT4 SR - CMG

eSPOT

MODIS SR - CMG

Comparison
eSPOT

Band-Pass correction

. MODIS SR - CMG
Comparison

eSPOT ’ }\SPOT



Results — All sites — With Spectral Correction
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Results — site by site
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Results — site by site
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Conclusion

We develop an operational tool to evaluate Surface Reflectance consistency

... but also detect SR inconsistency due to Atmospheric correction issues, Cloud / Cloud-
shadow / Snow / Water omission (SPOT-4 and MODIS sides)

This is not a validation strategy but benefit of the long term MODIS validation strategy.

MODIS / SPOT-4 Take-5 comparison displayed
— Overall very good repeatability
— Some biases related to mainly to not optimal bandpass correction

SPOT-4 Take-5 site by site and scene by scene are available.
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Cloud Omission exemple —
Congo 03/19/2013
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Results — site by site— With Spectral Correction
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