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HLS Overview




What is HLS?

® What is "harmonized"?

o Using data from two similar
instruments and constructing
an algorithm so products from
each instrument can be used
interchangeably

® Initiative to produce a virtual
constellation of surface
reflectance data from Landsat 8
OLI and Sentinel-2 MSI

o Spectral similarities of L8 and
S2 allow for harmonization
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Landsat 8 photo credit: NASA



MSI vs. OLI

Swath 290 km 185 km

Repeat Cycle 10 (5) 16 (8)

Field of View 20.6 15

Equatorial Crossing 10:30 AM 10:13 AM

Spectral Coverage 440-2300 nm 440-2300 nm

Spectral Bands 13 9

IFOV 4 VNIR Bands @10 m 8 Bands @ 30m
6 Bands @ 20 m 1 Pan Band @ 15m
3 Atmospheric Bands @ 60m

Data Quantization 12 bits 12 bits

Saturation Radiances ~100% diffuse solar ~100% diffuse solar




HLS Constellation Overview (courtesy: NASA SVS)




HLS Overview

* Merging Sentinel-2 and Landsat data streams can
provide 2-4 day global coverage

* QGoalis "seamless” near-daily 30m surface reflectance
record including atmospheric corrections, spectral and
BRDF adjustments, regridding

* Project initiated as collaboration among NASA GSFC, H { { [ { [
1] [ 1111

UMD, NASA Ames

Potential Revisit using
different Virtual Constellations
1

087

S2A

06}
) L8
O 04t S2A+L8
02l S2A+S2B
S2A+S2B+L8

0 1 1
0 10 20 30 40 50 60
Annual mean revisit period (in days)




HLS vi1.4 Algorithm Coverage




S30 Band

Information

Coastal Aerosol Bo1 0.43 - 0.45 reflectance
Blue Boz2 045 - 0.51 reflectance
Green Bo3 0.53 - 0.59 reflectance
Red Bo4 0.64 - 0.67 reflectance
Red-Edge 1 Bos 0.69 - 0.71 reflectance
Red-Edge 2 Bo6 0.73 - 0.75 reflectance
Red-Edge 3 Bo7 0.77 - 0.79 reflectance
NIR Broad Bo8 0.78 - 0.88 reflectance
NIR Narrow B8A 0.85 - 0.88 reflectance
Water Vapor Bog 0.93 - 0.95 reflectance
Cirrus B1o 1.36 - 1.38 reflectance
SWIR 1 B11 157 - 1.65 reflectance
SWIR 2 Bi12 211 -2.29 reflectance




L30 Band

Information

Coastal Aerosol Bo1 0.43 - 0.45 reflectance
Blue Bo2 045 - 051 reflectance
Green Bo3 0.53 - 0.59 reflectance
Red Bo4 0.64 - 0.67 reflectance
NIR Narrow Bos 0.85-0.88 reflectance
SWIR 1 Bo6 157 - 1.65 reflectance
SWIR 2 Bo7 211-2.29 reflectance
Cirrus Bog 1.36 - 1.38 reflectance
Thermal IR 1 B1io 10.60 - 11.19 degrees (C)
Thermal IR 2 B11 11.50 - 12.51 degrees (C)
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HLS Objectives for IMPACT

Expand existing algorithm to near global coverage and optimize for cloud
compute environment

a. Land and coastal waters only (defined by NOAA shoreline dataset)

b. Excludes Antarctica

Produce full archive of S30/L.30 data products

Ensure HLS products are discoverable in common metadata repository and
the Earthdata Search client

Make HLS imagery available through NASA Worldview client via the Global
Imagery Browse Service
Archive and distribute HLS products using the cloud

a. Full workflow from product development to data distribution should be

contained in the cloud



https://www.ngdc.noaa.gov/mgg/shorelines/

“Global” HLS Coverage Area




HLS Algorithm Workflow
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Kge _ HLS Processing 5 ans
% Landsat-8 Processing

Data Inputs © Sentinel 2 MSI data Landsat-8 OLI data

Atmospheric Correction and Cloud Masking

>,
Geometric Resampling and Geographic Registration

A

BRDF Normalization

Band Pass Adjustment

S$30 Product




Data downloaded or
notifications received
from external agencies.
Processing pipeline
triggered with each
new granule.

Access MODIS data
from LAADS for
atmospheric correction
(2-3 day latency)
Generate data,
metadata, and browse
imagery.

Notify LPDAAC and
GIBS of data availability
with SQS message
containing manifest of
new files.

Data Processing Workflow
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System Architecture

GCC AWS: Stage data
for LPDAAC and GIBS

retrieval, notify
LPDAAC and GIBS for

data availability, 90_. E
day temporary archive s ot EN PN P
¢ CHel @ J
i l e - . J
LPDAAC NGAP: Ingest, Eﬁm . g

archive, and publication
of HLS data products,
full archive backup

GIBS NGAP: Ingest

browse imagery and w@m
make available for

NASA Worldview client




Forward HLS processing

e Data Sources

o  L30 generated using
Landsat 8 Collection 2 Landsat and Sentinel-2 Constellation

from USGS |
oS30 generated using el
SentineI-JC

|

|

|

Next Gen Landsat
Late 2020s -

Sentinel-2 data from S
ESA International Hub Landsat 9
® Plantoinclude Landsat 9 s

and Sentinel-2¢c when data e
becomes available Sentineli2A

2015 -

%
%)
Sentinel-2B I

®  HLS data products available
. Landsat8|
with 2-3 days latency . e
o  Dependent upon | | i |
availability of MODIS
data




Historical HLS processing

Phased approach to Landsat and Sentinel-2 Constellation
developing the archive | |

o L30 extends back to !»
2013 and S30 to 2015 Senﬁne.'.qc

|

|

|

Next Gen Landsat
Late 2020s -

Expected to complete by Landsat:m'
mid-2022 3 2021 -
Processed in reverse e |
chronological order Sentinek 22 |

Historical Sentinel-2 data e ==

provided by ESA and -+

USGS I




Current Status of Data Production

.30 and S30 data products
publicly available in a
provisional state -version 1.5

o L30 release: 20 Jan 2021

o S30 release: 5 Oct 2020

Why provisional?

o Unusual artifacts in
atmospheric correction
code output detected by
HLS science team



https://lpdaac.usgs.gov/products/hlsl30v015/
https://lpdaac.usgs.gov/products/hlss30v015/

Current Status of Data Production

« Provisional data products
available via Earthdata
Search

o L30 - 375k granules
o S30 -1.3M granules

« Data product statistics per

day (on average):

# Granules | Volume

L30 2,000 0.352 1B

S30 0,200 111 1B




Upcoming Milestones

Public release of science quality
v2.0 products - Aug 1, 2021
o Forward processing to begin
July 1, 2021
Begin historical processing
o L30 data product - Aug 2021
o S30 data product - Sept 2021
Historical processing expected to
be complete by mid-2022




Summary of HLS Stakeholders and Responsibilities

HLS Science Team

Core algorithm
development
Dataset
documentation
Product
validation
General
algorithm
support

IMPACT
Stand up AWS
compute
environment
Port science
algorithm to
AWS
Refactor
algorithm to be
cloud friendly
Stage data
product and
associated
browse
imagery

LPDAAC
* Archive and
distribution
of data
products

GIBS
* Archive and
distribution
of imagery
via
Worldview

Data Users

e Do
science!

e Provide
Feedback




HLS Data Access (Earthdata Search)

%% EARTHDATA Find a DAAC ~ € Feedback

&¥ EARTHDATASEARCH

Search for collections or topics # 7,478 Matching Collections

Showing 20 of 7,478 matching collections Sort

B u

GHRSST Level 2P OSPO dataset v2.61 from VIIRS on the NOAA-20
o= ) satellite (GDS v2) (GDS version 2)

Y Filter Collections w22 =l Int'l/Interagency « 2018-11-07 ongoing » NOAA-20 (N20/JPSS-1/J1)
is the second satellite in the US NOAA latest generation Joint Polar Sa
tellite System (JPSS). N20 was launched on November 18, 2017. In con
junction with the first US satellite in JPSS series, Suomi National Pol...

Categories
Features

Map Imagery

Near Real Time GHRSST Level 2P Atlantic Regional Skin Sea Surface Temperature

. from the Spinning Enhanced Visible and InfraRed Imager (SEVIRI)
Customizable @ on the Meteosat Second Generation (MSG-3) satellite (GDS...
Keywords Int'l / Interagency « 2013-08-01 to 2018-02-20 « The Meteosat Seco

nd Generation (MSG-3) satellites are spin stabilized geostationary sat
ellites operated by the European Organization for the Exploitation of M
eteorological Satellites (EUMETSAT) to provide accurate weather mo...

Platforms

Instruments

500 |

Organizations GHRSST Level 3U OSPO dataset v2.61 from VIIRS on S-NPP Malay:

TR Satellite (GDS v2) (GDS version 2)

Int'l / Interagency « 2015-05-19 ongoing « The Joint Polar Satellite Sy
stem (JPSS), starting with S-NPP launched on 28 October 2011, is the
Processing Levels new generation of the US Polar Operational Environmental Satellites (P
OES). The Suomi National Polar-orbiting Partnership (S-NPP) is a col...

FEZES Indonesia

Data Format

{liling{System o] GHRSST Level 2P 0SPO dataset v2.61 from VIIRS on S-NPP
Satellite (GDS v2) (GDS version 2)

Sy !I Int'l / Interagency « 2014-05-19 ongoing « The Joint Polar Satellite Sy

stem (JPSS), starting with S-NPP launched on 28 October 2011, is the

new generation of the US Polar Operational Environmental Satellites (P

OES). The Suomi National Polar-orbiting Partnership (S-NPP) is a col...

Horizontal Data Resolution

Additional Filters

Include collections without granules
INDIAN

Include only EOSDIS collections Global Maps of Atmospheric Nitrogen Deposition, 1860, 1993, and OCEAN

2050

27 Granules « 1860-01-01 to 2050-12-31 « This data set provides glo
bal gridded estimates of atmospheric deposition of total inorganic nitr
ogen (N), NHx (NH3 and NH4+), and NOy (all oxidized forms of nitrog
en other than N20), in mg N/m2/year, for the years 1860 and 1993 a...
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HLS Data Access (Worldview)

a5k \X/ORLDVIEW

€ layers HMevents Fpata A

OVERLAYS

Place Labels D=ExX
@ © OpenStreetMap contributors,
Natural Earth

Coastlines / Borders /Roads (@ = X

X © Openstreethap contributors,
Natural Earth

Coastlines ) = X
© OpenstreetMap contributors

BASE LAYERS

Corrected Reflectance (True
N Color)

NOAA-20/ VIIRS

Corrected Reflectance (True
N Color)

Suomi NPP / VIIRS

Corrected Reflectance (True
W Color)

Aqua / MODIS

Corrected Reflectance (True

W Colon
Terra / MODIS

+Add Layers Start Comparison
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HLS Data Access (Dataset Landing Page)

#s EARTHDATA Find a DAAC ~ $ Feedback (2]

%USGS Home - About - Tools ~ Resources ~ Contact ~

e o s chargng word

HLSS30 v015

HLS Sentinel-2 Multi-Spectral Instrument Surface Reflectance Daily
Global.30 m

PI: Jeffrey G. Masek, Junchang Ju

DOCUMENTATION USING THE DATA ACCESS DATA ABOUT THE IMAGE

Homepage / Data / Search Data Catalog / HLSS30v015

Description

The Harmonized Landsat and Sentinel-2 (HLS) project provides consistent surface reflectance data from the Operational Land Imager (OLI) aboard the joint
NASA/USGS Landsat 8 satellite and the Multi-Spectral Instrument (MSI) aboard the European Union’s Copernicus Sentinel-2A and Sentinel-2B satellites. The
combined measurement enables global observations of the land every 2-3 days at 30 meter (m) spatial resoluffon. The HLS project uses a set of algorithms to obtain

seamless products from OLI and MSI that include atmospheric correction, cloud and cloud-shadow masking, spatial co-registration and common gridding, illumination

and view anala and anactral adinstmant



HLS Contributions to
SNWG Activities




HLS SNWG Contributions - Cycle 1 (2016)

e Proposed Activity #2
o "Archival, maintenance, and distribution of HLS product

development and support for associated research”

e Status: Science quality global surface reflectance products beginning
August 2021. Provisional data products (1.6M granules) available from
the LP DAAC and browse imagery available in Worldview



HLS SNWG Contributions - Cycle 2 (2018)

e Proposed Activity #4
o Global Land Surface Disturbance and Change Detection

e HLS Contribution: Provide input data for optical component of the
land surface/disturbance change product

e Status: Pre-formulation began in FY2020 and the activity is
proceeding toward design and implementation reviews.



HLS SNWG Contributions — Cycle 3 (2020)

e Proposed Activity #2 ———
o Global HLS-Derived i %\r
Vegetation Indices Suite el
o Supports 34/123 needs & }y

from 2020

e HLS Contribution: Provide
input surface reflectance data
layers (i.e. bands) for various
band combination data
products




HLS SNWG Contributions — Cycle 3 (2020)

e Proposed Activity #2
o Global HLS-Derived

Expected Impact

224 DOl FWS L ——
- ' H 265 D05 | OES ———

Vegetation Indices Suite i EE RS P

230 DOI FWS | G —

202 DOI USGS b ——

o Supports 34/123 needs e —.

153 DHS &A ——

 Enoee _— —
from 2020 =l wm —_—

275 DOl USGS | e

272 DOE SC —

247 DOT BLM | ¢ —

201 DOI OSMRE |

270 DOE SC

244 DOI USGS

e HLS Contribution: Provide %TW%ZM N,fr

149 DOI OSMRE

input surface reflectance data BmE
layers (i.e. bands) for various === Sn s ’ :

>
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

band Combination data Level of Satisfaction
products

l IIIII

1l




HLS SNWG Contributions — Cycle 3 (2020)

e Proposed Activity #5 Expected Impact
o Harmonized Surface (vesito e sgene]
Thermal Infrared Product Ll
(H-TIR) ta0 | oo | vses

o Supports 28/123 needs B oo s

l“l

| llllll

from 2020 _=
e HLS Contribution; Provide input  Ft= —
surface reflectance data for 55| oo vean - -

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Sharpening land Surface Level of Satisfaction
temperature to 30m resolution
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HLS Science Applications (Courtesy GSFC)




HLS Science Applications (Courtesy GSFC)




Summary




Validation and verification
of atmospheric correction
model

Official release of HLS
version 2.0 in Aug 2021
(forward processing only)
Full global archive of HLS
v2.0 available in mid-2022
o Processing in reverse

chronological order

Next Steps

Today

Provisional
Release of
HLSS30

>

Provisional
Release of
HLSL30

Sentinel 2C Launch

Landsat 9 Launch

Inclusion of Sentinel

Inclusion of 2C into HLS

Landsat 9 into HLS

Official Complete
Release of Historical
HLS v2.0 Processing




Data Production System Lessons Learned

Teamwork is essential
o Coordination of roles and responsibilities and specific project tasks should be
done as early as possible.
Incorporate buffers in production timeline when external dependencies exist
o Landsat 8 Collection 2 delays impacted L30 availability
o LaSRC model for atmospheric correction (S30 specifically) required further
scientific validation
o Access to authoritative historical Sentinel-2 data at scale proven to be challenging
Allow time for development of a robust production system
o There are many ways to achieve the same result in AWS - balance between
cost/performance takes time
As data volume and number of granules increases, tools for data ingest by the DAAC
require modification
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