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Land algorithm status

Algorithms are currently transitioning to Enterprise solutions
— changes in retrieval algorithm, product content, format
Preparations for reprocessing are ongoing

Long-term product monitoring and maintenance continues
— http://www.star.nesdis.noaa.gov/jpss/EDRs/index.php

Product development is generally in sync with operational
applications

— NCEP/EMC land: consistent, gridded, global, 1-km composites
— biophysical variables for terrestrial ecological studies
— fire radiative power for smoke/air quality applications
— National Ice Center (NIC), Navy, NWS Alaska
— etc.
NASA ST production / reprocessing ongoing

— continuing coordination and synchronization for select algorithms

— implementation challenges
* NASA-unique SDR, formats, NDE vs. SIPS production systems



http://www.star.nesdis.noaa.gov/jpss/EDRs/index.php
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Enterprise implementation schedule

e Algorithm readiness
— Surface reflectance: September 2017
— VI, LST, LSA: August/September 2017
— Active Fire — already operational — updates coming
— Surface Type — annual updates — updates coming

e JPSS-1 readiness

— Recent 8-day dataset provided to STAR needs to
be evaluated

— Validation schedule updates?
— Expect some changes in SDR, ECM etc.



Principal issues

Operational NDE implementation needs more coordination
— Need to know status of upstream products

— Need to access to correct versions of upstream products

— Operational implementation appears to be slower than expected
— Need to properly plan for update bundles

Readiness for reprocessing lagging

— Need SDR evaluation and upstream EDR readiness

Operational (i.e. OSPO quality monitoring)

— Need better coordination and notification of issues
Requirement changes and data access (PDA etc.)

— User-driven processes

Operational use of products lagging

— re-think approaches to the problem

— How do the products fit into the new NCEP modeling framework?
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@3 A Land Climate Data Record

@’ Multi instrument/Multi sensor Science Quality Data Records used to
guantify trends and changes
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Emphasis on data consistency — characterization

rather than degrading/smoothing the data
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. .

¥a Land Climate Data Record (Approach)

Needs to address geolocation,calibration, atmospheric/BRDF correction issue

ATMOSPHERIC
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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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http://modis-sr.ltdri.org/

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

T

TOA reflectances AOT Map

A 4

STAR JPSS Science Team Meeting, August 14 — 18, 2017, NCWCP, College Park, MD



Aerosol inversion

Reading Inputs, LUT

and Ancillary data psurt determined (*) using paim Tarm @Nd S,

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

ozone... &
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 |00p the AOT Untl| (psurf blue / Psurf red)MSI = (psurf blue / Psurf I’ed)MODIS €
Aerosol model
for each pixel The retrieved AOT is used to compute ,
the surface reflectance at 443 and 2190 nm. Z(p;mf—Raﬁozﬁs * p:ff)
The aerosol model is then derived by minimizing the residual = £
residual. 2
Surface Computation of surface Psurr determined (*) using payy, Tarm and

reflectance
for each pixel

S,mfrom LUT knowing AOT, Aerosol

reflectances € model, pressure, altitude, water vapor,

and for all channels A
each band
Y - 1 [ Yo,
- =—— With Y= 104 | — g™
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Methodology for evaluating the performance
of surface reflectance

SUbSGtS 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://mod09val.ltdri.org/cgi-bin/mod09 c005 public allsites onecollection.cgi
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http://mod09val.ltdri.org/cgi-bin/mod09_c005_public_allsites_onecollection.cgi

guantitative assessment of performances
(APU)
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Improving the aerosol retrieval In
collection 6 reflected in APU metrics
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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 East Coast sites selection: GSFC (top left), Stennis (top
right), Walker Branch (bottom left) and Wallops (bottom right).
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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 6 MODIS and that it has
been validated to stage 1-2

MODIS algorithm refinements from
Collection 6 have been integrated into the
VIIRS algorithm and are included in the
operational product (NDE) equivalent of
NASA VIIRS Version 1.
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Evaluation of VIIRS SR Algorithm
Performance (example Red band)

IDPS version NASAC1.1 NDE, NASA Version 1
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Improvement is clearly visible from IDPS to current NDE version
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Use of BRDF correction for
product cross-comparison

NIR Red Green
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STAR JPSS Science Team Meeting, August 14 — 18, 2017, NCWCP, College Park, MD




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 (IDPS and C1.1)
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VITRS vw= Aqua Hear Infrared

@ Results over BELMANIP2 (NDE/NASA Version1) &4

1 1 1 1 1 1
2812 2813 2814 2815 2816 2817 2818

Cross comparison results of the VIIRS and MODIS-
Agua SR product on a monthly basis for the
BELMANIP sites reprocessed version NDE/NASA
SIPS Version 1 for the near infrared band (M7).
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Relative spectral response
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Transitioning from MODIS to VIIRS

* VIIRS was launched, in part to provide continuity with MODIS

 The VIIRS will eventually replace MODIS for both land science and applications,
and add to the coarse-resolution, long term data record

* ltis, therefore, important to provide the user community with an assessment of
the consistency of equivalent products from the two sensors

Spectral adjustment:

WAV VA ("" \ ——Aqua MODIS b1 M . .
/RN A | B | ) |~~~ ====Aqua MODIS b2 Preq = CredPreq T bredeIRP
. R —==WVIIRS 1
{1l ——VIIRS 12
|| ——VIIRS M5 M ” ,
VIIRS M7 PNIR = ONIRPrea T PNiRPNiR>
6 - -4
5;
| where pM . pMo. oV pke are surface reflectance values in red
|
. and NIR for MODIS (superscript A4} and VIIRS (superscript 1),
‘ J | \ - and G, Preg. Cnir» Pyr are conversion coefficients

500 550 600 650 700 750 800 850 900 950 1000
Wavelength, nm

Relative spectral response functions for MODIS/Agua and
VIIRS sensors in the red and NIR spectral domain.



Transitioning from MODIS to
VIIRS

le8 le8
APU MODIS-VIIRS NDVI e—e accuracy APU MODIS-VIIRS(Adjusted) NDVI e—e accuracy
nbp=2021625781 ¢—e precision 0.07F npp=2021625781 ¢—e precision
0-07'—b e—e uncertainty H 1.4 e—e uncertainty H 1.4
A=0.018, P=0.032, U=0.037] — spec A=-0.002, P=0.032, U=0.032] — spec
nb of points 0.06L nb of points
0.06 | ;

0.05| 0.05}

0.041 0.04

0.03} 0.03}

0.02} 0.02

0.01 0.01

0.00 - 0.0 0.00
0.0 0.2 0.4 0.6 0.8 1.0 0.0

MODIS/Aqua NDVI MODIS/Aqua NDVI

a b
Comparison (in terms of A(\FZU) of NDVI's derived from MYDO9CMG and VN PO9CM(G)surface reflectance
products at global scale (approximately 2x10° pixels) for 2012—2016 without (a) and with (b) spectral
adjustment of red and NIR bands. The light blues bars show the number of points used in each bin of NDVI
values from MODIS (used as a reference). The APU values are computed for points in each bin and being
shown in red (accuracy), green (precision) and blue (uncertainty). The pink line represents the specified
uncertainty based on theoretical error budget.



Transitioning from MODIS to
VIIRS

= Temporal consistency
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Corn growth dynamics derived from MODIS/Aqua and VIIRS in 2012 in lowa (US) compared to the
median NDVI values for 2002—-2016 derived from MODIS/Aqua. Due to a drought, corn growth
started to decrease significantly from June which resulted in a 25% vyield reduction.
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Transitioning from MODIS to

VIIRS

e Spatial consistency
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NDVI anomalies at 0.05° spatial resolution for the state of lowa (US) derived from MODIS/Aqua
(a), and adjusted VIIRS (b) data on August 21, 2012. Anomalies were computed by subtracting
NDVI values from the median NDVI values for 2002-2016 derived from MODIS/Aqua.



Surface Reflectance Conversion from IDPS to NDE

* The main issues in the conversion of the surface reflectance code from the
IDPS system to NDE were as follows:

1) The code was designed to read and write in HDF-EOS format. NDE does not
support HDF-EQS, so NASA developers added HDF-5 capability.

2) The code requires the VIIRS Cloud Mask, Aerosol Optical Depth product, total
precipitable water, total column ozone, and surface pressure in order to run. The
algorithms that produce these are different in the NDE system. NOAA-STAR
developers wrote codes to convert the NDE products into a format that mimics the
IDPS version for compatibility.

3) The naming convention of the files is different between NDE and IDPS, so NOAA-
STAR developers wrote scripts to design unique file names.

4) Global attributes are different between NDE and IDPS, so NOAA-STAR developers
wrote scripts to create both static and dynamic global attributes.



NOAA-STAR Contribution

* NASA provided the main algorithm, while NOAA-STAR provided
ancillary codes and scripts to allow the system to run at NDE.
These codes/scripts include:

e Preprocessor: converts the NDE versions of cloud mask, cloud height (which
includes the cloud shadow mask), aerosol optical depth, and GFS (which
contains surface pressure, total precipitable water, and total column ozone)
into HDF-5 files that resemble the IDPS versions of these masks.

 PERL Global Attribute Conversion: creates both static and dynamic global
attributes to append to the final NDE output file.

e Postprocessor: names the final output file, writes the output, appends the
global attributes and designs variable attributes.

e A flow chart of these algorithms follows on the next slide.



Surface Reflectance Algorithm Overview

IDPS: (HDF5)

NDE Framework: (NetCDF4)
NDE Aerosol Model
Enterprise Cloud Mask
NDE Cloud Height

Templates to mimic IDPS: (HDF5)
Aerosol Model
VIIRS Cloud Mask / Height

GMTCO geolocation file GFS Data GFS Data
_______________ I______________J b o o e o o o e e e mmmmm l—————___________.I_______________..
\ v
Preprocessor Static LUTs: (binary)
i Populated Templates (HDF5) ' Optical depth, reflectivity,
IDPS: (HDF5) E————————— transmittance, viewing zenith,
VIIRS SDR/Geolocation: J/ solar zenith, spherical albedo,
SVI*.h5 and GITCO*.h5 3 . . scattering angle,
SVM*.h5 and GMTCO*.h5 Main Algorithm € transmittance coefficients
i VNPO09.*.h5 (HDF5) !
IDPS: (HDF5) ¢ TTTTTTTTITTTTN \l, """"""""
VIIRS Geolocation: ) ) ) )
GITCO*.h5 and GMTCO*.h5 PERL Global Attribute Conversion < NDE Static Attribute Text

From NDE
Framework

Static Files / LUTs

Executable PERL/C++

Output from Executable

VNPO09.*.h5 (HDF5)
plus list of NDE global attributes

Postprocessor

SR_v1-0-8 npp.*.nc (NetCDF4)
Contains Surface Reflectance for:

Contains QC values.

11,12, 13, M1, M2, M3, M4, M5, M7, M8, M10, M11




Known Differences in Surface Reflectance

o Slight variations occur for surface pressure, total
column ozone, and total precipitable water, due to
upstream algorithm differences.

o Slight variations occur for aerosol optical depth due to
upstream algorithm differences.

e Larger variations occur in the cloud mask because of
large algorithm differences. Impacts are:

e The NDE cloud mask does not provide a quality (high,
medium, poor, etc.), which impacts the surface reflectance
retrieval itself.

e Quality Flags are impacted by differences in sun glint, snow
categorization, and the lack of a thin cirrus flag or a cloud
adjacency flag. This affects downstream products.



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 Is being defined (CEOS CVWG
Initiative)

STAR JPSS Science Team Meeting, August 14 — 18, 2017, NCWCP, College Park, MD




NDE Vegetation Product System
(NVPS): Vegetation Indices (VI)
and Green Vegetation Fraction (GVF)

lvan Csiszar, Mingshi Chen, Min Li,
Zhangyan Zhang, Marco Vargas




Project Background

» The GVF system is currently running in NDE and the product
suite includes:
> The Green Vegetation Fraction Global Product
- The Green Vegetation Fraction Regional Product

» Top of Atmosphere Normalized Difference Vegetation Index
(TOA NDVI), Top of Canopy Normalized Difference Vegetation
Index (TOC NDVI) and Top of Canopy Enhanced Vegetation
Index (TOC EVI) are currently running in IDPS.

o The VIIRS Vegetation Index Validated Stage 1 Science Maturity Review

took place on September 4, 2014. Documentation is available on the
STAR/JPSS website:

https://www.star.nesdis.noaa.gov/jpss/documents/AMM_AIll/Land_VI
/Validated/VIIRSVIStage 1 MaturityPresentationtoSTAR.pdf

> The NDE Vegetation Product Suite Critical Desu?n Review took place on
September 29, 2016. Documentation is available on google drive:
https://drive. qooqle com/open?id=0B-kRoSoyMpuAb3JyXzZFUjJUTmc



https://www.star.nesdis.noaa.gov/jpss/documents/AMM_All/Land_VI/Validated/VIIRSVIStage1MaturityPresentationtoSTAR.pdf
https://drive.google.com/open?id=0B-kRoSoyMpuAb3JyXzZFUjJUTmc

Project Objectives

» The VIIRS Vegetation Index products will be
incorporateded into the GVF system. These include:
> NDVI at TOA for continuity with AVHRR
- NDVI at TOC for continuity with MODIS
- EVI at TOC for continuity with MODIS




NDE Vegetation Products
Stakeholders

» Customers/Users
- NCEP/EMC
- STAR
- CLASS
- USDA
> USGS
o NWS/WFO/Spokane WA
- University of Hawaii at Manoa
> NASA SPoRT
- NOAA ESRL




Vegetation Index (VI)
External Inputs

I i

Geolocation Input IDPS VIIRS Terrain Corrected Geolocation and

(GITCO) geometry (imagery resolution)

TOA Reflectance Input IDPS IDPS VIIRS IT and 12 SDR bands at imagery

(SVIO1, SVI02) solution

Aerosol Optical Input NDE EAOT NDE VIIRS Enterprise aerosol optical depth

Depth product (EAOT) at moderate resolution

Cloud Mask Input NDE ECM NDE VIIRS Enterprise Cloud Mask (ECM) at
moderate resolution

Surface Input NDE ESR NDE VIIRS Enterprise Surface reflectance (ESR) I1,

Reflectance 12 and M3 bands (granule files)

Land Water Mask Input Ancillary Derived from MODIS global water mask
(MOD44W) by projecting to the VIIRS GVF grid
(used by the operational NDE VIIRS GVF)

Grid and Tile Input Ancillary The origin and spatial resolution and partition of
Scheme the VI coordinate system (used by the operational
NDE VIIRS GVF)

T~ -




Outputs
Sample Filename Data from Filename

VI-GLB*.nc (Global) -TOA NDVI
VI-REG*.nc (Regional) -TOC NDVI
-TOC EVI
—Reflectance 11
 Daily —Reflectance 12
« 7-Day (Weekly) —-Surface Reflectance 11
« 16-Day (Bi-Weekly) —-Surface Reflectance 12

-Surface Reflectance M3
-Solar Zenith Angle

-Viewing Zenith Angle
—Relative Azimuth Angle
—Quality Flags: QF1, QF2, QF3,
QF4




VI Context-Layer

» The Context Layer is the highest level of the software
architecture. It describes the flows between the system and
its external interfaces

INPUT PROCESSING OUTPUT

Geolocation (GITCO)

! . —L Daily Global VI (4-km)

TOA Reflectance —> Daily Regional VI (1-km)

(SVI01, SVI02)

NDE Enterprise Surface N
Reflectance .. 17 Weekly Global VI (4-km)
_ .| Weekly Regional VI (1-km)
NDE Enterprise Cloud s
—> |
Mask . .
NDE Enterprise Aerosol |\
Optical Depth ; : —>| 16-Day Global VI (4-km)
| and Water Mask —> ! _|‘_> 16-Day Regional VI (1-km) !
Grid & Tile Scheme i j_|—> . ) g, 7

ERERERNG ~—. 020000 02 -




GVF Context-Layer
Changes to the GVF system

» IDPS Surface Reflectance is replaced by the NDE Enterprise Surface
Reflectance

INPUT PROCESSING OUTPUT

ﬁzz=zz=zz=zz=l: :=========ﬂ — = = = = = = zzﬂ

Geolocation (GITCO) —)|—> H

Weekly Global GVF
” 4-km resolution

NDE Enterprise Surface

Reflectance W i |

Land Water Mask = H : H

—F1 Weekly Regional GVF
” 1-km resolution

Grid & Tile Scheme —




NVPS Context-Layer

INPUT PROCESSING
|\ Geolocation (GITCO) ' s
|‘ TOA Reflectance N s GVF Products
(SVI101, SVI02) : |
|\ Enterprise Surface >
.| Reflectance . |
|‘ Enterprise Cloud Mask N ..
H | > VI Products
' | Enterprise Aerosol |
» | Optical Depth "
” Land Water Mask 1
Grid & Tile Scheme —> '




The VI Global Grid and Tile Scheme (1/2)

» The VI grid system is divided into square tiles

to facilitate parallel computing spatially
therefore faster processing

and

» The VI grid is a set of tiles that are 18 degrees

square
» 200 tiles (20 tiles horizontally and 10 ti

es

vertically) are needed to cover the entire globe

» Each 18°x 18° tile has 6000 x 6000 gric
(0.003° pixels)

» The grid provides global coverage in
Gfegg()rgghic Lat/Lon projection at a resolution
of O. °

cells

10



The upper—left corner of the tile map is 180° W, 90°N. Each tile is 18° x 18°, with

6000 x 6000 grid cells (0.003° pixels). Only those tiles that contain land but are not in the
Antarctic Region are processed (There are 122 non-fill tiles)

11



Units of VI Algorithm:

» TGM: Tile Granule Mapper

» GRD: Reflectance Gridder

» RCP: Reflectance Compositor

» RAG: Reflectance Aggregator

» VIC: Vegetation Index Calculator
» QAA: Quality Assurance Assigner

p— n



Vegetation Index System-Layer
Data Flows




Tile-Granule Mapper (TGM) Unit

14



Reflectance Gridder (GRD) Unit

Granule space (one VIIRS granule)

Grid space (one tile) s




Reflectance Compositor (RCP) Unit

$VIIRS_VI_WORKDIR /weekly_sr/20160812-

20160818/

VI-
SR_s20160812_e20160818_h00v01_c20170425145
0370.h5

VI-
SR_s20160812_e20160818_h19v07_c20170425165
7040.h5

$VIIRS_VI_WORKDIR /biweekly_sr/20160812-

20160827/

VI-
SR_s20160812_e20160827_h00v01_c20170425145
2200.h5

VI-
SR_s20160812_e20160827_h19v07_c20170425181
2150.h5

Daily reflectance e ol o O
(7 or 16 tiles) % B g ' O

Composited reflectance

(weekly or bi-weekly) 16




Quality Assurance Assigner (QAA) Unit
Daily

RAG, VIC, QAA

$VIIRS_VI_WORKDIR/daily_aasr/20150819/

VI-GLB_v1rO_npp_s20150819_e20150819_c201704241434170.nc
VI-GLB_v1rO_npp_s20150819_e20150819_c201704241434170_stat.txt

VI-REG_v1r0_npp_s20150819_e20150819_c201704241534310.nc
VI-REG_v1r0_npp_s20150819_e20150819_c201704241534310_stat.txt

VI-EVI-GLB_v1r0_npp_s20150819_e20150819_c201704241434170.tif
VI-EVI-REG_v1rO_npp_s20150819_e20150819_c201704241534310.tif

VI-TOA-NDVI-GLB_v1r0_npp_s20150819_e20150819_c201704241434170.tif
VI-TOA-NDVI-REG_v1r0_npp_s20150819_e20150819_c201704241534310.tif

VI-TOC-NDVI-GLB_v1r0_npp_s20150819_e20150819_c201704241434170.tif
VI-TOC-NDVI-REG_v1r0_npp_s20150819_e20150819_c201704241534310.tif

Suomi NPP VIIRS TOC EVI
19 Aug 2015

—
Water Nodata 00 005 0.1 0.15 02 025 03 035 04 045 0.5 06 07 08 09 10 @
TOC EVI

NOAAINESDISISTAR

Daily TOC EVI 2015-08-19 17




Quality Assurance Assigner (QAA) Unit
Weekly or Biweekly

-4 Satallite

$VIIRS_VI_WORKDIR /weekly_aasr/20160812-
20160818/

VI-GLB_v1rO_npp_s20160812_e20160818_c201704252004470.nc
VI-GLB_v1rO_npp_s20160812_e20160818_c201704252004470_stat.txt

VI-REG_v1r0_npp_s20160812_e20160818_c201704252125020.nc
VI-REG_v1r0_npp_s20160812_e20160818_c201704252125020_stat.txt

VI-TOA-NDVI-GLB_v1r0_npp_s20160812_e20160818_c201704252004470.tif
VI-TOA-NDVI-REG_v1r0_npp_s20160812_e20160818_c201704252125020.tif

VI-TOC-NDVI-GLB_v1r0_npp_s20160812_e20160818_c201704252004470.tif
VI-TOC-NDVI-REG_v1r0_npp_s20160812_e20160818_c201704252125020.tif

VI-EVI-GLB_v1r0_npp_s20160812_e20160818_c201704252004470.tif
VI-EVI-REG_v1r0_npp_s20160812_e20160818_c201704252125020.tif
$VIIRS_VI_WORKDIR/biweekly_aasr/20160812
-20160827/

VI-GLB_v1rO_npp_s20160812_e20160827_c201704252006070.nc
VI-GLB_v1r0_npp_s20160812_e20160827_c201704252006070_stat.txt

VI-REG_v1rO_npp_s20160812_e20160827_c201704252127220.nc
VI-REG_v1rO_npp_s20160812_e20160827_c201704252127220_stat.txt

VI-TOA-NDVI-GLB_v1r0_npp_s20160812_e20160827_c201704252006070.tif
VI-TOA-NDVI-REG_v1r0_npp_s20160812_e20160827_c201704252127220.tif

VI-TOC-NDVI-GLB_v1r0_npp_s20160812_e20160827_c201704252006070.tif
VI-TOC-NDVI-REG_v1r0_npp_s20160812_e20160827_c201704252127220.tif

VI-EVI-GLB_v1rO_npp_s20160812_e20160827_c201704252006070.tif
VI-EVI-REG_v1r0_npp_s20160812_e20160827_c201704252127220.tif

Susmi NPP VIRS TOC EVI
B2 usg 3018 37 hiog 3936

~, I8
Bi-weekly TOC EVI Aug 12-27, 2016




Prototype Global Daily VI Output
File NetCDF4

_CODE_DATAWI-GLB_vird_npp_s20150819_e20150819_c201705221406250.nc

cent Files |C:\jhuang\'\

= H

I-GLB_v1r0_npp_s2015 @ Imageview <UpperLeft- - NDVI_TOA - / - C:jhuangiVi\vl_CODE_DATAWI-GLB_v1r0_npp_s20150819_e20150819_c201705221406250.nc - 12.5%

B Eevi_Toc mace |l W @G
B 1_toa | — —
B 1_Toc
B 12_ToA
B 12_Toc
B ma_toc
[# NDVI_TOA
& NDvI_ToC
IR Number of Pixels -2.54E3
I oFl -1.83E3
B orz -1.3E3
B ors -6.90E2
B -7.20E1
i 5.46E2
R 1.16E3
i szn 176883
B vza 2.40E3
[ 1atitude 302E3
IR 1ongitude Sl
42563
4.87E3
548E3
6.11E3
6.73E3
7.34E3
8.27E3

(INDVI_TOA (6120, 2)
16-bitinteger, 5000 x 10000
Number of attributes =7
DIMENSION_LIST = 2096,2387
_Fillvalue =-32768
coordinates = Latitude, Longitude
vi_add_offset=0

scale_factor = 10000
valid_maximum_value = 10000
vi_valid_minimum_value =0

HDFView screen capture

19



Vegetation Index Daily Global
Products (4 km res)

Suomi NPP VIIRS TOA NDVI Suomi NPP VIIRS TOC NDVI
19 Aug 2015 19 Aug 2015

== E= == D
Water No data 0.0 0.05 0.1 0.15 0.2 0.25 0.3 035 04 045 05 0.6 07 08 09 10 @ Water No data 0.0 0.05 0.1 0.15 0.2 0.25 0.3 035 04 045 05 0.6 0.7 08 09 10 @
TOA NDVI TOC NOVI
NOAAMNESDIS/ETAR NOAAMNESDIS/ETAR

Suomi NPP VIIRS TOC EVI
19 Aug 2015

== B |
Water Nodata 00 0.08 01 095 0.2 025 0.3 035 04 045 05 08 07 08 09 10 @
TOGC EVI
NOAANESDIS/STAR

Daily products generated with the Enterprise Surface Reflectance granule data in NetCDF format
20




Vegetation Index Daily
Regional Products

REGIONAL TOA NDVI 2015/08/19




Vegetation Index Weekly
Global Products

Suomi NPP VIIRS TOA NDVI Suomi NPP VIIRS TOC EVI
12 Aug 2016 - 18 Aug 2016 12 Aug 2016 - 18 Aug 2016

: g% B
o T -
I ] I ]
Water No data 00 005 0.1 0.15 0.2 025 0.3 035 04 045 05 06 07 08 08 10 w Water Nodata 00 005 0.1 015 0.2 025 03 035 04 045 05 06 07 08 08 10 w
TOA NDVI V TOC EVI V
Suomi NPP VIIRS TOC NDVI

12 Aug 2016 - 18 Aug 2016

Global weekly products generated from
Surface Reflectance granule Data in HDF5 * N
format (from the IDPS) o N s

: ¥ &
C e _L—g\i -
]
Water No data 00 005 0.1 015 02 025 03 035 04 045 05 06 07 08 09 10 w
TOC NDVI V
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Vegetation Index Bi-Weekly

Global Products

Suomi NPP VIIRS TOA NDVI
12 Aug 2016 - 27 Aug 2016

;
P .
Y -
]
Water No data 00 005 0.1 0.15 02 025 03 035 04 045 05 06 07 08 09 10 w
TOA NDVI V

Suomi NPP VIIRS TOC EVI
12 Aug 2016 - 27 Aug 2016

12 Aug 2016 - 27 Aug 2016

|
Water Nodata 00 005 0.1 015 0.2 025 03 035 04 045 05 06 07 08 08 10 w
TOC EVI V
NOARMNESDISISTAR
Suomi NPP VIIRS TOC NDVI

Global Bi-weekly products generated from
Surface Reflectance granule Data in HDF5
format (from the IDPS)

 E— E

Water Nodata 00 005 01 015 02 025 03 035 04 045 05 06 07 08 08
TOC NDVI

. @
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GVF System - Intermediate Files generated using
Enterprise Surface Reflectance input granule data

in NetCDF4 (2015-08-19)

Daily VIIRS 11 ESR (Aug 19, 2015)

Suomi NPP VIIRS Daily Red on Aug 19, 2015
w @ w0 0 a0 @

Daily VIIRS 12 ESR (Aug 19, 2015)

Suomi NPP VIIRS Dailv NIR on Aug 19, 2015
] 0 W o 0 0

Daily VIIRS M3 ESR (Aug 19, 2015)

Suomi NPP VIIRS Daily blue on Aug 19, 2015

Daily EVI (Aug 19, 2015)

Suomi NPP VIIRS Daily EVIon Aug 19, 2015

Intermediate files within the VIIRS GVF processing system

24



Validation Strategy

» NDE Vegetation Index (VI) products will be

validated and evaluated by

> Product inter-comparison with other satellites (e.g.,
MODIS, Sentinel, Landsat) over overlapping orbital
tracks and over a globally-distributed set of sites

> Time series comparison with /n situ V1 data and
vegetation productivity (e.g., gross primary
productivity) data over FLUXNET sites

> Cross—-comparison with AERONET-processed data

25




VIIRS VI EDR Global APU

» VIIRS VI EDR meet the L1RDS requirements over time and across seasons

> APU derived from global data using Aqua MODIS as a reference
> VIIRS-MODIS observation pairs from matched orbital tracks used

Global APU Over Dynamic Range - TOA NDVI TOC NDVI TOC EVI

Satallite
Meteoralagy
afyd] it

& 0.06 11000
8 oo [ 1000 A 0.013 0.012 0.020
= o002 | 1 7000
E S 000 M"\ L 6000 P 0.012 0.018 0.011
g Y — I 5000
<E 024 ‘ - 4000
o — Accuracy | 3000 U 0.018 0.021 0.023
¥ -0.04 4 { Precision - 2000
§ 0.06 Uncertainty (1)000
0.0 0.2 0.4 0.6 0.8 1.0 I I AP T .
im ries Pl
VIIRS TOA NDVI Globa U e Series ot poouracy
o 006 10000 = 005 ' ' ' ' ' ' ' ' —¥%— Precision
Q .04 I 2888 :C) 0.04 1 TOA NDVI —— Uncertainty |
% 002 1 - 1 7000 TS 003 1
S v - 6000 <D 0.02 -
o 2 0.00 5000 z i
< £ | 2000 0.01
E 002 ‘ T 3000 £ 0.00
" .
@ -0.04 A ‘ 1 2000
= I 1000 = 0.05
2 -0.06 ————————— 0 S 0.04 A
0.0 0.2 0.4 0.6 0.8 1.0 2D S 0.03 -
o
VIIRS TOC NDVI <2 8-82 1
& 0.06 10000 c 0011 J
5 0.04 t 9000 < 0.00 T T T T T T T T T T T
: T t 8000 L L L L L L L 1 1 1 1
S ] | S0 o 005
Do ~—"~— 1 6000 c 0.041 TOC EVI
% 2 0.00 5000 a > 0.03 -
€ [ 4000 §§§=§=§:§:ﬁ=§§§—_—_—§—_—_ﬁ=§
UE) -0.02 4 ‘ 3000 < 885 1 = > ” 9
- A 4 2000 c 0014 * == ¢ —3¢— il * * % % X
D§: g'gz [ 1000 = 0.00 L— . . . . . . . . . .
- , ! ! ! , 0
< -0 A2 163 aoh 5D g6 el 6B O A0 AL 42
00 02 04 06 08 10 Q00O 90197 985 9015 HD 9015 kD™ 9IS B 1 e

VIIRS TOC EVI

— - Year-Month



— Quality of VIIRS VI EDR temporal profiles evaluated via visual inspection ¢
comparison with Aqua MODIS and /n situ data when available s

VIIRS TOC NDVI VIIRS TOA NDVI

C6MODIS NDVI

Tower NDVI

llllllll
o1

Vaira Ranch (GRA)
VIIRS TOA NDVI
. b ®
VIIRS TOC NDVI
. - o
20;4 2056 20;8 2610 2&12 2614 2&16
MODIS TOC NDVI
[ ] ® ® ® [ ] ® e ® ® ® e | ®
20%4 2056 20%8 2&10 2612 2&14 2616
1/ 1n Situ NDVI | |

2004

A WA AAAANNAA

2006 2008 2010 2012 2014 2016




— Quality of VIIRS VI EDR temporal profiles evaluated via visual inspection g§
comparison with Aqua MODIS and /n situ data when available

VIIRS EVI
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Time Series Validation Using In Situ Network (FLUXNE

— High-quality time series measurements obtained through /n situ tower r
networks will be used in time series validation of Phases 1 & 2 products (&:
variables from FLUXNET: tower Vis, NPP, GPP, NEE)

VIIRS vs. In Situ: SOS & EOS VIIRS vs. MODIS vs. In Situ Cross-Comparison of
“Troanovi | e ] Phenological Metrics (SOS, EOS, & GSL)

W 300 s
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VIIRS Validation Over AERONET
Sites (for TOC NVI and TOC EVI)
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Evaluation using ECM v1rl (i.e. current operational ECM product)

Issue #1: Attributable to ECM, as ESR only passes it on

l D PS ” Suomi NPP VLIDF:OBGEZ Land Water La n d Wate r M a s k | -Suomi NPP V;LF:;:Z2 Land Water N D E

Water No data land/Desert Land/NoDesert Inland Water

Land water mask:
The new LWM has snow in it, but Arctic and Antarctic+Greenlands are treated as

separate categories.

Problem:

VI is degraded over snow/ice pixels. Over Antarctic and Greenland, we don't
know whether there are snow/ice or not. We don't know how to treat Antarctic
and Greenland overall (degrade them all?)



Evaluation using ECM v1rl (i.e. current operational ECM product)

Issue #2: Attributable to ECM, as ESR only passes it on

|DPS Suomi NP ::I::;Fa Snow Ice | SnOW Ice Suomi NP ::I::;Fa Snow Ice | N DE

. = .
Water No data False True Water No data False True

Snow/lIce:
There are no snowl/ice information over Antarctic and Greenland. This is linked to
the Land Water Mask issue.

Problem:

VI is degraded over snow/ice pixels. Over Antarctic and Greenland, we don't
know whether there are snow/ice or not. We don't know how to treat Antarctic
and Greenland overall (degrade them all?)



Evaluation using ECM v1rl (i.e. current operational ECM product)

Issue #3: Attributable to ECM, as ESR only passes it on

L
Suomi NPP VIIRS QF2 Sun Glint S u n gl I nt Suomi NPP VIIRS QF2 Sun Glint
20150819 20150819

IDPS

I | et I | =i
Waler Nodata None Geometry Wind Speed GeaWind .@' Waler Nodata None Geometry Wind Speed GeaWind .@‘
NOAANE SDISS TAR NOAANESDIS/STAR

Sunglint:

IDPS has two sunglint flags, one is geometry based (over land) and one based
on wind speed (over water). NDE ECM only has the oceanic version, meaning
there is no sun glint over land.

Problem:

VI has known biases over pixels with sunglint over land. Without information of
sun glint over land, we will have '‘contaminated’ VI product for the areas with sun
glint over land. We hope we can get the ‘Geometry based sunglint QF’ back to
ECM and ESR.

Sunglint over land is planned to be added to ECM revision 4



Evaluation using ECM v1rl (i.e. current operational ECM product)

Issue #4: Attributable to ECM, as ESR only passes it on

| D P S Suomi NPP VIIRS a:Fs:o (‘:;oud Mask Quality C I ou d Mas k Suomi NPP VIIRS a:Fs:o (‘:;oud Mask Quality N D E

Cloud Mask Quality:

NDE cloud mask ECM has ‘cloudmaskqualflag’ but appears to be empty with fill
value -128'. So, ESR calls cloud mask high quality as long as there is a cloud
mask. This is why ESR has high quality cloud mask almost everywhere.

Problem:
VI does not have quality assurance criteria based on cloud mask quality yet.
However, we do hope we can get a meaningful ‘cloudmaskqualflag’ in ECM.



Evaluation using ECM v1rl (i.e. current operational ECM product)

Issue #5: Attributable to ECM, as ESR only passes it on

Suomi NPP VIIRS QF3 Adjacent to Clouds Suomi NPP VIIRS QF3 Adjacent to Clouds

IDPS 7 . oo od Ad'acenc | s — NDE

Cloud Adjacency:
IDPS VCM has this QF, but NDE ECM does not.

Problem:

‘Cloud Adjacency’ is an important parameter to avoid cloud contamination to ECM’s downstream
products. VI is degraded over pixels with ‘cloud adjacency’. Without ‘cloud adjacency’ information, VI
retrievals are likely ‘contaminated’ over pixels with cloud in adjacency.

Cloud Adjacency has been added to ECM



Evaluation using ECM v1rl (i.e. current operational ECM product)

Issue #6:

IDPS

Need help from both ECM and ESR

Suomi NPP VIIRS QF3 Thin Cirrus Suomi NPP VIIRS QF3 Thin Cirrus

20150819 Thin Cirrus 20150819

1
| | |
Water No data No Cloud Cloud ‘@' Waler No data Neo Cloud Cloud ‘@'
NOAANESDIS/STAR NOAANESDIS/STAR

Thin Cirrus Reflective:

VCM reports either no-cloud or cloud, but ECM reports a 4-category mask here: confident
clear, probably clear, probably cloudy, and confident cloudy. ESR processes this as confident
clear (no-cloud) versus everything else (cloud), so the thin cirrus reflective QF will potentially
look very cloudy in ESR. ESR can change the sensitivity of this flag if needed, since surface
reflectance only passes it on.

Problem:

VI is degraded over pixels with ‘thin cirrus reflective’. We will appreciate ESR can change the
sensitivity of this flag. Right now we have overwhelming thin cirrus reflective, which is one of
the main reasons that we have ‘too many’ low quality VI.

Thin Cirrus has been added to ECM



20160819 20160812-20160827
HO3V02 HO3V02

Sun Glint (QF2, Bit 6-7) Sun Glint (QF2, Bit 6-7) @8

*Sun Glint 11 = Geometry & Wind
10 = Wind Speed Based
01 = Geometry Based
00 = None




20160819 20160812-20160827 /i
HO3V02 HO3V02 =\
Cloud Shadow (QF4, Bit Cloud Shadow (QF4, Bit \:\@#%

lite -'\I-p!'urn\-‘“

False (no)

True (yes)




20160819 20160812-20160827
HO3V02 HO3V02
Cloud Adjacency (QF3, Cloud Adjacency (QF3,

u.uuEy

1.00E0

False (no)
True (yes)




Suomi NPP VIIRS QF2 Sun Glint Suomi NPP VIIRS QF3 Adjacent to Clouds
20160812-20160827 20160812-20160827

Water No data Geometry Wind Speed Geo/Wind @ Water No data
Suomi NPP VIIRS QF4 Cloud Shadows Suomi NPP VIIRS QF1 Overall TOC EVI
20160812-20160827 20160812-20160827

g
- Y

Water No data True Water No data High
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Summary and Conclusion

» Enterprise daily GVF and VI product were tested
successfully with full day (20150819) run of Enterprise
iInputs.

» Enterprise weekly and bi-weekly product tested with IDPS
inputs (20160812-20160827). Enterprise products started
flowing on 8/15/17 for testing in preparation for the ARR
in September.

» Two DAPs were delivered for code testing at NDE.

b %e]pare for Algorithm Readiness Review in September
7

» Improve the current Max-SAVI compositing method

preyg the integration of VI and GVF systems within NVPS

41
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3 Outline

e Cal/Val Team Members
e JPSS LSA Product Overview
e Validation and Monitoring
e Algorithm Improvement
— Issues
— New NDE Gridded LSA Product
— Updates to Sea Ice Surface Albedo Algorithm
— Validation
e User feedbacks
e Summary and Path Forward
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3 Cal/Val Team Members

Team Members

Organization Roles and Responsibilities
Ivan Csiszar NOAA/NESDIS/SATR Land Lead, Project Management
Yunyue Yu NOAA/NESDIS/SATR qusa;ﬁé rz]atlgorithm development, validation, team
Jingjing Peng Algorithm development, validation, monitoring
Shunlin Liang UMD/CICS Algorithm development, validation
Dongdong Wang Algorithm development, validation, monitoring
Yuan Zhou Algorithm development, validation, monitoring
Walter Wolf NOAA/NESDIS/SATR System Integration, Transition
Valerie Mikles System Integration, Transition
Marina Tsidulko STAR IT support
Michael EK NOAA/EMC/NCEP User readiness
Weizhong Zheng User readiness : Model albedo application, verification
Yihua Wu User readiness : Model albedo application, verification

NASA Land Science Investigator-led Processing System

Miguel Roman NSAS/GSFC
Lead

Sadashiva Devadiga System support, product monitoring

STAR JPSS Annual Science Team Meeting, August 2017 3



J)s Overview: Current VIIRS IDPS LSA Product

i is VIIRS band number, including the channels 1,4,5,7,8,10 and11.

LSA=a,+ ) ar,

: : i :
a; is regression coefficient for Band i.

120°E 130°E

140°E

I e o

Primary Sensor Data(SDR)

25°S

30°S

140°E

140°E

5°S'

10°8

15°S

20°8!

10°S

15°8

20°S

25°S

30°s

120°E 130°E

Operational Products
— Single 1.5 min granule data
— Combined 4 x 1.5 min granule data

Production team

— STAR Science Team : Scientific development and

validation

— JPSS DPE (Data Product Engineering) : Production

140°E

STAR JPSS Annual Science Team Meeting,

I 0.5

Spectral input TOA spectral reflectance at grid (xsize, ysize) unitless
reflectance M1, 4,5,7,8,10,11

input Solar zenith angles grid (xsize, ysize) Degree

View zenith input Satellite view zenith angle grid (xsize, ysize) Degree

Solar azimuth input Solar azimuth angles grid (xsize, ysize) Degree

gollsl View azimuth [l Satellite view azimuth angle grid (xsize, ysize) Degree

SDR QC flags Input Level 1b data quality grid (xsize, ysize) unitless

Derived Sensor Data

LUT and Configuration File

Cloud mask Input Cloud mask data grid (xsize, ysize) unitless
Input Level 2 snow/ice mask data grid (xsize, ysize) unitless
1Js)] Surface type Input grid (xsize, ysize) unitless

Coefficients
LUT

Input

Regression coefficients for
BPSA

2(two surface
types)*18(sza)

*18(vza)*23(raa)*

8(coef items)

Unitless

Output

August 2017

LSA values

Associated pixel quality flags

grid (xsize, ysize)

grid (xsize, ysize)

Unitless

Unitless
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3 Overview: Performance of VIIRS IDPS LSA Product

« Several algorithm improvements have been made since S-NPP was
launched.

» A set of surface-specific LUTs with consideration of surface
reflectance anisotropy are used.

» Validation results suggest the VIIRS direct estimation approach can
generate albedo retrievals with accuracy similar (or superior) to
existing products.

16d 16-day mean
ey mean 0.35 | ‘ ' Wang, D., Liang, S
0.35 T T T T B Forest g; "y gs LB
03 RMSE=0.032 ® Shrubland He! T's & Yu’ Y'
03 RMSE=0.024 — > Bias=-0.026 | ¢ Cropland (2013). Direct
Bias=0.008 > Grassland Estimation of Land
o 025! 4 Sparsely vegetated ||
o 025 3 Surface Albedo from
3 S . VIIRS Data:
S 02 ° = Algorithm
= > 2 015 > | Improvement and
0.15/ - ' . Preliminary
° oil * | Validation. Journal
0.1 ' of Geophysical
0.05 , | | , | Research, 118,
0.05 ' ‘ ‘ ' ‘ 0. . . . . . -
005 01 015 02 025 03 005 01 %EfRFROAS a|b2d205 03 12577-12586
SURFRAD albedo
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/)= Comprehensive Assessment of VIIRS LSA

 Two years data over 23 sites

* Field measurements together with Landsat 7 ETM+ and
Landsat 8 OLI maps (~3Th)

e Intercomparison with MODIS product

1 T T T T 1 - T T - 1 ;
RMSE=0.048 RMSE=0.060 > RMSE=0.042
Bias=-0.005 e « Bias=-0.017 ® Bias=-0.007
081 1 0.8 1 0.8 {
‘e s - o ®
>*
<4 ® L
06| ] 0.6} 2 — 06 <
0 %) ? <
@x x g
S > 3
0.4} . A ® Cropland 0.41 < s ® Cropland || 0.4 .. * ® Cropland
* »  Forest ol > Forest x »  Forest
g M Desert " W Desert PrAS m  Desert
ozl 2 u *  Grassland || 02l ' *  Grassland || 0.2 *  Grassland ||
+ 4 Tundra 4 Tundra Py 4 Tundra
Savannas i Savannas Savannas
Snow Snow Snow
0 L 1 1 1 D L 1 1 1 0 L 1 1 1
0 0.2 04 06 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 08 1
Landsat Ground Ground

Zhou, Y., Wang, D., Liang, S., & He, T. (2016). Assessment of the Suomi NPP VIIRS land
surface albedo data using station measurements and high-resolution albedo maps. Remote
Sensing, 8, 137, doi: 10.3390/rs8020137.
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3 Independent Validation Study
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: 7« ‘Environmental Data Récords
NOAA QNAEA

- P ‘.\'\- = . %
Product Monitoring !or weathar.‘Fllm'él’t‘e"’a"nfi"enV|ronm’er7

Browse: Albedo
10 Aug 2016 - 16:02 ET / 20:02 UTC

EDR Products Select a parameter: SNPP VIIRS - Global Land Surface Albedo Select a Date:
« Active Firea SNPP VIRS - Global Land Surface Abedo ~  [C< Day » [ @ 08062016  [H] @

« Albedos Suomi NPP VIIRS Global Land Surface Albedo
O n g - er I I l e 6 Aug 2016

< Cryosphere - Snow
« GCOM AMSR2 Products

*Imagery - DNB

[ [
* Land Surface Temperature
= MiRS Soundings
< NUCAPS Soundings

« Ocean Color

«Ozone

* Polar Winds

= Sea Surface Temperature
« Surface Type

Developed a long-term o
monitoring tool

— Automatically validate
against field measurements;

— Generate global composite Suom NPP VIRS Globl Land Surce bedo
maps on a regular basis ;

— Send alerts when abnormal
results occurs;

— Update maps through WWW

— http://www.star.nesdis.noaa.

goVv/ipss/EDRs/products Alb
edo.php

No Data 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 08 1.0 @
Albedo

NOAA/NESDIS/STAR

A global map of land surface albedo composite with VIIRS products of Sept, 2016
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http://www.star.nesdis.noaa.gov/jpss/EDRs/products_Albedo.php

J): Issues of IDPS LSA Granule Product

» |Issues of the current IDPS granule LSA algorithm:
— Missing values

e Current product: granule instantaneous, for clear-sky
pixels only

— Intraday residual variations

» Adirect estimation method is used for VIIRS to
capture LSA variations of rapidly-changing surfaces.

 Meanwhile, the albedo retrieved from a single
observation may contain some levels of random
noises.

— Un-gridded product

* End users need gridded product with common map
projection.

STAR JPSS Annual Science Team Meeting, August 2017



3 Issues of IDPS LSA Granule Product: Illustration

Features of current algorithm
» Using single overpass
* Needing clear-sky pixels

\4

Data gaps

N\

Possible multiple
values for a day

A 4

Residual noise

v FPK
10— T T T [ T 1 11 T T T ] T T T 1 T T 1 T T 1
— VIIRS Daily
0.8 — Filted Daily
| o)
o 0.6 _— P ) ]
g Lo
s [ \ _
< 04 —
) Mk
0.2 ° —
0.0 11 L tadh | L1 i1 | I L1 11 | L]
50 100 150 350
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3 New Method for Daily Mean Albedo

« Use of instantaneous albedo to calculate daily surface
radiation budget may result in ~10% bias.

 We developed a method to estimate daily mean albedo
directly from VIIRS data.

 The new method uses similar LUTs of regression
coefficients, but considers variations of albedo and
diffuse radiation ratio with solar angles.

Daily mean albedo
1 . :

035 Vegetation 09"  R2-0.996
i . ' | | ' RMSE=0.024
X -t Bla?k-sky albedo 08 Bias=0.004
03/ | o White-sky albedo P 07t
o —e— Blue-sky albedo g
3=l 206/ .
30.25- T
< P s e - v 05 1
300000000089480000000000000000000008888000000000% 14
0.2F T L = ® Grassland
04 4 Cropland | ]
I 1 ! ! 1 03l b Forest ]
6 8 10 12 14 16 18 4 Desert
02f Snow 1

Wang et al. 2015, JGR;
Wang et al. 2017, TGRS 01

0.2 0.4 0.6 0.8 1
In situ measurement

11
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3 Advanced Statistics-based Temporal Filtering

« Temporal filtering is a key step of the NDE LSA algorithm:
— Improve accuracy

» Reduce temporal variations
« Exclude undetected cloud and shadow
— Fill data gaps
» A sophisticated statistical based filtering approach was developed
« Capable of integrating multisource of information
— VIIRS retrieval and its QF
— Climatology (mean and variance)
— Temporal correlation (historical observation)

FPK
10— [ T T T [ rr 010 [ 1 T T [ T T 171 T T T ] 1
— VIIRS Daily
0.8 — Filted Daily ) §
: iRt m N
00.6:— A TT [ UI ‘A “ ||‘ ‘ h '| ._Tl {HHI’['
) FR RN ] 1 |||W
0.2 B ‘ “ ¥ | ‘ H | HM?' H| |“‘| hi‘
_“ K ||‘ ‘ b i | f i .. ) |
0.0 i Jl' | IH‘UI |M ||'|"| ||‘|‘ |~l|| 1|I | |u|¥|| "‘ n‘"w"u‘ T R A }I Iy
' 100 150 200 250 300 350
DOY
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J)s  Developing Gridded NDE LSA Product

 We developed a new high-level LSA product on the basis
of VIIRS SA EDR, which has the following features:
— Gap-filled
— Noise-reduced
— Having potential of generating gridded product, which is desired by user

community.

* The software package in C programming language has

been delivered.

— C source codes
— LUTs

— Climatology data
— Documents

* Improved Granule LSA product in NDE
— Critical Design Review was passed in Sept. 2016.
— Test Readiness Review is scheduled for August 2017.

STAR JPSS Annual Science Team Meeting, August 2017 13



3 Major steps of generatlng NDE LSA
Retrlevmg c?ét!ﬁc altkdsq

& i
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Q Enterprise Algorithm Development

Legend
Input

: I

VR e (D) | e SR

: VIIRS Regression |

,  Geolocation Coefficients :

: VIIRS !

I : :
I Cloud Mask LSA | Four components of the Enterprise
: Granule | LSAalgorithm:

I VIIRS : 1. Granule LSA computation

| Surface Type ;2. Tile data generation for optimization

: VIIRS I 3. Improved granule LSA

| I 4. Gridded Daily LSA production

,  Snow Cover :

Improved I

Albedo '

Granule Daily LSA i |
Climatolo

Tiles I - :

I A~ :

IGL(;:DM e 4 M'apt' - 'r Historical LSA :

at/lon reprojection : Tiles I

J
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3 Example of NDE Gridded LSA

\ « Two global products of
N\ VIIRS LSA on April 1
\ 2015 were shown here.
n « Compared to the current
j granule product, the
)/ newly-developed NDE
¥ product represents
/ several substantial
o ’ "_*-‘/Granule product after Major improvements:
180°w 1200w 60" W 0 60" E 120°E  180° E/ map projeCtion - Gap_ﬂ”ed
90 - —— : - 1

— continuous map

— Noise-reduced:

08 higher accuracy
— Gridded: ready to
| -° user
: - 0.4
0.2

New NDE prodﬁct

180°W 120" W 60" W 0 60" E 1200E 180°E
STAR JPSS Annual Science Team Meeting, August 2017
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/)5 Update to Sea Ice Surface Albedo Algorithm

« We applied a new sea-ice albedo LUT in | atTunu-Nof GCnet - ki /,'/'fw:::;.:__ﬁ' [
NPP VIIRS albedo calculation. The sea- .. ye of : 3*} _
ice albedo become available in the NDE / “ :
LSA product. The coverage is consistent £" Vs
with the sea ice concentration product. /,/

e We generated a 5-km daily sea-ice T
albedo climatology and used it as A4 RMSE = 0.049
background information for temporal o v e b s s
filtering of sea-ice albedo. Comparison between VIIRS sea-ice albedo

and GC-net albedo
J b — §| | | |
T TR . é.iitlimatc-llﬂgvﬂle:

""_.15{_]

2017078
from NDE algorithm

26 The sea-ice

x climatology
¢ from AVHRR

e

E

e

o 07 63

'

global albedo map (sea-ice included)
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3 Continued Improvement of Sea Ice Surface Albedo

Snow Melt ponds

 —

Figure Examples of BRDFs of sea water (a), snow (b), ice (c), ' Component models
pond (d) at 672nm (blue band) and 60° SZA.

For further improvement the VIIRS sea-ice albedo LUT, we are working on
enhancing the representativeness of the training data by building a spatio-
temporal representative sea-ice BRDF database. The Ice concentration,

Snow fraction and Snow parameters would be deployed as knowledge
database for BRDF simulation and compositing.

Ice concentration Sea-ice
Snow fracti | BRDF
AL LI harameters and —y database

Ice age compositing weight

Snow grain size _
Atmospheric

- . regression
simulation g
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JP3S validation

The new NDE albedo was validated
using field measurements and inter-

compared with other albedo products.

Preliminary assessment results
suggested substantial improvement
over existing datasets:

— Gap-free continuous data
— Higher accuracy:
» Snow-covered and snow-free

» Better prediction over ethereal snow
cases

Fort Peck
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Comparison of snow-free and snow-covered
VIIRS albedo with gap-filled MODIS C5 and C6
data, and GLASS albedo data

Example of time series of one year VIIRS NDE albedo at Fort Peck

STAR JPSS Annual Science Team Meeting, August 2017 19



3 External Users of Albedo Product

e U.S. Users:

— NOAA National Weather Service Environmental Modeling Center (Michael
EK, Jesse Meng, Weizhong Zheng )

— USDA Agricultural Research Services(Martha Anderson)

— USDA Forest Service (Brad Quayle)

— NOAA/NESDIS Center for Satellite Applications and Research (Jerry Zhan)
— NOAA/NESDIS National Climate Data Center (Peter Thorne)

— Academy -- University of Maryland (Konstantin Vinnikov, Shunlin Liang,
Cezar Kongoli )

— Army Research Lab ( Kurt Preston)
 Foreign Users

— EUMETSAT (Yves Govaerts)

— Météo France (Jean-Louis Roujean)

— Academy: Italy IASMA Research and Innovation Centre (Barbara Marcolla),
Beijing Normal University (Qiang Liu)

STAR JPSS Annual Science Team Meeting, August 2017 20



3 Collaboration with EMC/NCEP Team

 The new gridded, gap-filled, noise-reduced product is developed to
meet the requirements of modeling team and data analysis.

— Working with the modeling team to test the application of new
product

— Customized the codes to generate tailored data sets.

0.8

\ |06

0.4

0.2

180°'W 1200W 60 W 0 60'E 120°E  180'E

Examples of albedo data customized for modeling team
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IRSS Summary

e Accuracy of the current non-snow LSA retrievals are smaller than
the L1RD threshold. The performance of snow LSA is also
comparable (slightly better) than the existing albedo product,
although RMSE of current snow retrievals are greater than the
precision requirement.

 An improved NDE albedo product was developed.

e |nitial evaluation suggested this new gridded, gap-filled, noise-
reduced NDE product represent substantial improvements over
previous granule product and other existing products.

 LUT of retrieving sea ice surface albedo was updated.

e Additional maintenance and further algorithm refinement is
critical to assure the production of high-quality gridded LSA
product.

STAR JPSS Annual Science Team Meeting, August 2017 22



JPSS Future Plans/Improvements

Land-cover-specific LUT will further improve quality of
albedo retrieval.

Enterprise LSA development: TRR and ARR preparation
Reprocessing LST data when the upstream data are ready.
JPSS-1 LSA product evaluation and monitoring

Level-3 gridded data production

Further interactive with EMC/NCEP model team: intensive

LSA model assimilation

STAR JPSS Annual Science Team Meeting, August 2017
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JP3S Outline

Cal/Val Team Members
JPSS LST Production
» Algorithm/Product Overview

» Algorithm Improvement
e Validation and Monitoring
 S-NPP LST reprocessing
e JPSS-1 Readiness
e Gridding LST product development
* External Cooperation

e Summary and Path Forward




3 Cal/Val Team Members

Organization Team Members Roles and Responsibilities
Ivan Csiszar NOAA/NESDIS/SATR Land Lead, Project Management
Yunyue Yu NOAA/NESDIS/SATR LST Lead, algorithm development, validation, user
promotion, team management
NOAA Affiliate, Yuling Liu product monitoring and validation ; algorithm
UMD/CICS development
NOAA Affiliate, Heshun Wang algorithm improvement, emissivity development
UMDI/CICS
NOAA Affiliate, Peng Yu product validation, monitoring tool
UMD/CICS
Walter Wolf NOAA/NESDIS/SATR STAR ASSIST Lead, System Integration/transition
Valerie Mikles System Integration, Transition
Michael Ek NOAA/NCEP/EMC Model application Lead
Weizhong Zheng User readiness : Model albedo application, verification
Yihua Wu User readiness : Model albedo application, verification

NASA Land Science Investigator-led Processing

Miguel Roman  NSAS/GSFC System Lead

Sadashiva Devadiga System support, product monitoring

~ STARJPSSScience Team Meeting, 14-18 August 2017 -



2):  VIRS LST Algorithm Overview

IDPS LST Algorithm
I—STi,j = ao(i’ j)+a1(i1 j)Tll+a2(i' j)(Tll _T12)+a3(i1 j)(sec@—1)+a4(i, j)(Tll _T12)2
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3 Improvement: Enterprise Algorithm Status

« Enterprise LST algorithm is ready for implementation

— Algorithm test, uncertainty and sensitivity analysis has been
performed

— Consistent quality flags

— Preliminary tests using real satellite data from multiple sensors
iIncluding VIIRS, MODIS, AHI and SEVIRI have been conducted.

— Preliminary validation with in-situ observations from SURFRAD,
BSRN, ARM and GMD, and cross satellite comparisons using
the above satellite data.

 The enterprise LST algorithm has gone through the critical design
review; test readiness review will be conducted by Aug 24,

 The DAP files are ready to deliver, which includes the science code,
test data, LUT, configuration file, input and output I-O structure etc.
The system integration is undergoing.

» The first version of the enterprise LST ATBD has been completed.

STAR JPSS Science Team Meeting, 14-18 August 2017



)= Improvement: Simulation Database

Improvements on the global representativeness of the simulation database
with regard to the regional climate, water vapor range, elevation and
seasonality etc.

 TIGR collection: v3.0, 2311 profiles in total

e SEEBOR collection: v5.0, 15704 profiles in total.

SEEBOR Tpw va Ts (2230 )

SEEBOR Altitude Histogram (2230 )

* 'I. ¥
4 mmﬂuzmmmmnnn 0 1 2 3 4 5 3

Surface Ternperolure(K) ALTITUDE (KM)
% SEEBOR Tpw vs Ts (2433 )

SEEBOR Ts Histogram (2433 )
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3 Improvement: Emissivity Data Development

= Emissivity algorithm is developed and implemented
— Using historical emissivity products to generate background
emissivity climatology.
— Employing a relationship between emissivity and GVF & Snow
fraction to account for dynamic change.

— Produce high resolution (0.009 degree) daily emissivity product
for JIPSS mission, and GOES-R mission as well.

VIIRS M15 Daily Emissivity of 2014, DOY = 073 VIIRS M16 Daily Emissivity of 2014, DOY = 073

i ;
0.94 0.95 0.96 0.97 0.98 0.99 Loo 0.94 0.95 0.96 0.97 0.98



NOAA NASA

Long Term Monitoring: ftp links

/' [ Index of fpublsmed/emt. x W N
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(2] (=] e ]

e c ‘ @ ftpy//ftp.star.nesdis.noaa.gov/pub/smcd/emb/pyu/VIRS_monitoring/current/year/
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Other bookmarks

Name
), [parent directory]
VIIRS-Bondville_IL_2016121_vearly_color LPEATE png
VIIRS-Bondville_IL_2016121_vearly_color Mx7.png
VIIRS-Bondville_IL_2016121_vearly_color_Mx8.png
VIIRS-Bondville_IL_2016121_vearly_diff timeseries.png
VIIRS-Bondville IL_2016121_vearly LPEATE png
VIIRS-Bondville_IL_2016121_vearly Mx7.png
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VIIRS-Bondville_IL_2016121_vearly_timeseries.png
VIIRS-Boulder_CO_2016121_vearly_color LPEATE png
VIIRS-Boulder_CO_2016121_yearly_color_Mx7 png
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VIIRS-Desert_Rock NV_2016121_vyearly_color LPEATE png
VIIRS-Desert_Rock_NV_2016121_yearly_color_Mx7.png
VIIRS-Desert_Rock NV_2016121_vearly_color Mx8.png
VIIRS-Desert_Rock NV_2016121_vearly_diff timeseries.png
VIIRS-Desert_Rock NV_2016121_vearly_LPEATE.png
VIIRS-Desert_Rock NV_2016121_vearly Mx7.png
VIIRS-Desert_Rock_NV_2016121_yearly_Mx8 png
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From Istmonitor.awg@gmail.comi |

Subject SNPP VIIRS LST monitoring results: 20170717 to 20170723

T/26/2017 411

To heshunwang@®noaa.gov. |, Me |, yunyueyu@noaa.gov |, peng.yu@noaa.

The LST monitroing task for SNPP VIIRS has been completed. The

period for monitoring is 28178717 to 28178723.

Please visit ftp://ftp.star.nesdis.noaa.gov/pub/smcd/emb/pyu

JLTM/single/SNPP VIIRS/site/ for detailed results.

44 valid data paris have been found.

Some problems have been found and listed as follow:
Bondville Il: date = 28178717; time = 1929; lst diff = -7.15;
1st_sat = 298.72; lst_gnd = 385.87; cloud = 1; cloud_3x3 = 3;
std_btll_3x3 = 3.22; std_dwt_site = 4.88;
= 1831; lst_diff =
-6.88; lst_sat = 382.27; 1lst_gnd = 3689.87; cloud = 8; cloud_3x3

Goodwin_Creek_MS: date = 28178720; time
= 3; std_btll_3x3 = 3.21; std_dwt_site
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9! Long Term Monitoring : Global VIIRS LST

VIIRS Global LST {daytime): 20160101
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‘)= Long Term Monitoring : Monthly Diurnal LST Range

Global Monthly mean diurnal L5T range from VIIRS: 201601
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Satellite LST{K)

NOAA NASA
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JP$S Reprocessing Status

* Investigated three weeks of reprocessed SDR data and its impact
on LST product.

— Investigation results have been presented in the reprocessing
workshop

— The brightness temperature of the band 15 and band 16 and
geometry data are investigated and the statistics of the
difference between the reprocessed SDR and the operational
SDR are summarized.

— It is found that the reprocessed sdr data in 2012 will cause a
significant LST change at local scale under specific time span.

 Reprocessing is planned for LST derived from the enterprise
algorithm for the time period from 11/19/2012 to present.

 Based on the reprocessing of the upstream data: SDR, enterprise
cloud mask and AOD and the availability of the ancillary data such
as total precipitable water and snow/ice information .

STAR JPSS Science Team Meeting, 14-18 August 2017 12



JPSS JPSS-1 Readiness (1)

[ Enterprise LST algorithm will be run at NOAA NDE system to
replace the IDPS LST algorithm
 Emissivity explicit algorithm
 Consistent QC flags
e Detail LUT dimension
e Comprehensive evaluation and calibration
 Pre-launch Characterization
 SNPP data serves as proxy for JPSS-1.

e Simulation software package and database are updated for J-1
LST LUT generation

e Calibration/validation/monitoring tools developed for SNPP are
applicable for J1 mission

1 Post-Launch Cal/Val Plans

e In-situ validation: existing + new site data; domestic +
international

e Cross comparisons: S-NPP, MODIS, +Sentinel-3
e Schedules and Milestones: based on the mission requirement

STAR JPSS Annual Science Team Meeting, 8-12 August 2016 13



NOAA QNASA

JPSS-1 Readiness (2)

e Major Risks/Challenges/ and Mitigation

The enterprise algorithm may not be able to run by Sept. 2017, as scheduled
Mitigation: Current IDPS LST algorithm will be kept running before then
Availability of full resolution GVF data for the emissivity data generation
Mitigation: full resolution GVF product is in development

Available water vapor data is in coarse resolution and forecast accuracy is
unknown

Mitigation: theoretical analysis of the water vapor uncertainty on LST quality
Limitation on emissivity data evaluation and monitoring

Mitigation: limited in-situ validation; LST application ; LST monitoring tool for LSE
Lack of high quality, global validation data set.

Mitigation: continue data collection through international cooperation;

Cloud contamination impact

Mitigation: additional cloud filtering in deep-dive validation

e Collaboration with LST community and Stake Holders/User Agencies

Keep a close contact with ground data measurements providers for data quality
issues and data stream anomalies

Provided technical support for user’s questions in their applications.

— Actively working with EMC/NCEP users and External Users

STAR JPSS Annual Science Team Meeting, 8-12 August 2016
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JP$S Gridded LST Development

From Users: a global continuous gridded LST product is required, in addition to the current

granule LST data.

An investigation was performed on developing a Level-3 VIIRS Gridded LST product, with
intensive user interactions; major product features were determined:

— Global coverage with two spatial resolutions: 0.009 degree and 0.036 degree

— Gridded with tile system management
— Gap-filled at invalid pixel (TBD)
— Daytime and nighttime daily products.
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Suomi NPP VIIRS Daytime Land Surface Temperature at Jul.16, 2015
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External Cooperation

One year VIIRS subset data over 6 areas in Europe and Africa is used for the
comprehensive cross comparison between VIIRS and SEVIRI LST. The result
has been presented in EGU 2017.

Comparison of S-NPP VIIRS Land Surface Temperature with SEVIRI

Sofia L. Ermida (1), Isabel F. Trigo (1,2), Ana C. Pires (2), Yuling Liu (3), Yunyue Yu (3)

(1) Instituto Dom Luiz (IDL),University of Lisbon, Portugal, (2) IPMA - Instituto Portugués do Mar e da
Atmosfera, Portugal, (3) Center for Satellite Applications and Research, NOAA/NESDIS, USA
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JP3S Summary

O SNPP LST performance
o The SNPP LST marginally meets the mission requirements based on the validation results
e Validation tools are run regularly for routing monitoring and web info update
»  Working with EMC/NCEP for the model verification

e International cooperation with ESA/EUMETSAT LST groups for the cross comparison to Sentinel-3 LSTs
and SEVIRI LSTs

O Enterprise LST algorithm progress
o The enterprise LST algorithm development went CDR in Sep. 2016, TRR in Aug 2017, ARR in Sept. 2017.
o The DAP files are ready to deliver.
» Land surface emissivity has been developed to support the enterprise LST.
o The first version ATBD for the enterprise LST and LSE are ready.
L Reprocessing status
e Sample reprocessed SDR data has been investigated and its impact on LST has been evaluated.
» Enterprise algorithm will be used for the reprocessing for LST consistency
O JPSS-1 readiness
o All the validation tools and simulation tools/database are ready for the J-1 mission
e J-1LST production in NDE will be based on the Enterprise Algorithm
o J-1 Cal/Val plan has been reviewed
O Gridded LST development

e Major features of the gridded LST product has been determined with major users
» Software architecture and technical solutions have been investigated

e A very preliminary code has been developed and tested; a simple version of the gridded LST production is
running in a local server for current LST product monitoring purpose.

e LST diurnal model and temporal interpolation has been studied.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016 19



JPSS Future Plans/Improvements

Operational implementation of gridded LST data production
Pre/post operational review and support

Final version of the enterprise LST ATBD and related
documentations

Final DAP delivery

Reprocessing LST data when the enterprise algorithm and
upstream data is ready.

JPSS-1 LST product evaluation, monitoring and maturity
support

Emissivity Data evaluation

In-situ site upscaling model study

LUT improvement : detail clarification of the LUT dimension
Further interactive with EMC/NCEP model team: intensive LST
model verification

Resume international cooperation

STAR JPSS Annual Science Team Meeting, 8-12 August 2016
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Outline

VIIRS active fire product status and data access
— VIIRS baseline (MODIS heritage) fire product

— Improved hybrid VIIRS fire product

Ongoing science issues and product improvements
Examples of key operational applications
Reprocessing the Suomi NPP VIIRS data record

Summary



N D E O ut p ut fi I e Missing -0 Brightness temperatures for M13 or M15 unavailable

Scan—-1 Not processed (trim)
CO nte nt Other-2 Not processed (other reason)
Water -3 Pixel classified as non fire water
Description
P Cloud -4 Pixel classified as cloudy
fire mask Fire mask . 8 bitint No Fire—5 Pixel classified as non fire land
2D array (unit-less)
eorithm QA e A O e 39 bit Unknown —6 Pixel with no valid background pixels
g 2D array (unit-less) Int Fire Low -7 Fire pixel with confidence strictly less than 20% fire
EP line Fire pixel line 16 bit Fire Medium—8  Fire pixel with confidence between 20% and 80%
- DS C)) Int Fire High—-9 Fire pixel with confidence greater than or equal to 80%
FP_sample Fire pixel sample 16 bit 0-1 Surface Type (water=0, coastal=1, land=2)
a Sparse data array Int 2-3 Atmospheric correction (reserved for future use)
R Fire pixel latitude 32 bit 4 Day/Night (daytime = 1, nighttime = 0)
- Sparse data array (deg) Float 5 Potential fire (0/1)
Fire pixel longitude 32 bit 6-10 Background window size parameter
FP_longitude : lid (O - )
Sparse data array (deg) Float 11 Fire Test 1 valid (0 - No, 1 - Yes)
S Fire radiative power 32 bit 12 Ffre Test 2 vaI!d (DS INE) BoNEs)
_p Sparse data array (MW) Float 13 Fire Test 3 valid (0 - No, 1 - Yes)
: : : 14 Fire Test 4 valid (0 - No, 1 - Yes)
FP_confidence Rledetecticpconiidence 8 bit Int 15 Fire Test 5 valid (0 - No, 1 - Yes)
- Sparse data array (%) i i
16 Fire Test 6 valid (0 - No, 1 - Yes)
L .
FP_land Sand plgeltflag 8 bit Int 17-19 N/A
parse data array 20 Adjacent clouds (0/1)
Total output for one granule: 11.7 Mb 21 Adjacent water (0/1)

i - li [ (O-
+ number of fires * 79 bytes 22-23 Sun Glint Level (0-3)

24 Sun glint rejection

25 False Alarm 1 (excessive rejection of legitimate background pixels)
Fire pixel information is also available in 26 False Alarm 2 (water pixel contamination)

27 Amazon forest-clearing rejection test

text files 28-31  N/A



N D E O ut p ut fi I e Missing — 0 Brightness temperatures for M13 or M15 unavailable

Scan—1 Bowtie deletion
CO nte nt Other-2 Not processed (other reason)
Water -3 Pixel classified as non fire water
Description
P Cloud -4 Pixel classified as cloudy
fire mask Fire mask . 8 bitint No Fire—5 Pixel classified as non fire land
2D array (unit-less)
eorithm QA e el O e 39 bit Unknown —6 Pixel with no valid background pixels
g 2D array (unit-less) Int Fire Low -7 Fire pixel with confidence strictly less than 20% fire
EP line Fire pixel line 16 bit Fire Medium—8  Fire pixel with confidence between 20% and 80%
- DS C)) Int Fire High—-9 Fire pixel with confidence greater than or equal to 80%
i i 1 i - —_— - -
FP_sample Fire pixel sample 6 bit 0-1 Surface Type (water=0, coastal=1, land=2)
Sparse data array Int 2 EDR trim zone (O=false, 1=true)
= e Fire pixel latitude 32 bit 3 Atmospheric correction performed (O=false, 1=true)
a e
—atitu Sparse data array (deg) Float 4 Day/Night (daytime = 1, nighttime = 0)
R Fire pixel longitude 32 bit > Potential fire (0/1)
—'Oong Sparse data array (deg) Float 6 Spare (set to 0)
I el e e 39 bit 7-10 B.ackground V\{mdow size parameter
_p Sparse data array (MW) Float 11 Fire Test 1 valid (0 - No, 1 - Yes)
: : : 12 Fire Test 2 valid (0 - No, 1 - Yes)
FP_confidence Rledetecticpconiidence 8 bit Int 13 Fire Test 3 valid (0 - No, 1 - Yes)
- Sparse data array (%) i i
14 Fire Test 4 valid (0 - No, 1 - Yes)
EP land Land pixel flag 8 bit Int 15 Fire Test 5 valid (0 - No, 1 - Yes)
Sparse data array 16 Fire Test 6 valid (0 - No, 1 - Yes)
Total output for one granule: 11.7 Mb 17-19 Spare (set to 0)
. 20 Adjacent clouds (0/1)
+ *
number of fires * 79 bytes 51 Adjacent water (0/1)

22-23 Sun Glint Level (0-3)
Fire pixel information is also available in 24-28 Individual rejection test flags (0O=false, 1=true)
. 29-31 Spare (set to 0)
text files



NOAA NDE VIIRS ACTIVE FIRE PRODUCT: FIRE MASK
ntrlfrica 5/1/2017 11:33 UTC

I Input unavailable
Il Water

: ] Cloud

> [ land

;40 Unknown
: by 4] Fire low
~ L5 [ Fire medium

. 1 [ Fire high




VIIRS 375m
Date_Time (UTC)
20140914 08:59
20140914 10:36
20140914 20:22
20140914 21:59 b
20140915 10:19 [
20140915 19:59 &
20140915 21:41 |
20140916 10:01 5
: - 20140916 21:24 |
P = ; & 4 S 20140916 21:24 ¢ {5 7 % e G5 20140917 09:44 © |
-Aqua 1km (= < 20140917 09:44 . Y : ; : { 20140917 21:06 |
4 Date_Time (UTC) : ? . 20140917 21:06 [ Vo 20140918 09:20 |
B0 20140914 21:05  HEEES : 20140918 09:20 4" = o : 20140918 09:26
B0 20140915 21:50 T S e | (0 20140915 09:26 [ B ; | B0 20140918 20:43
20140916 20:50 Py S, i 20140918 20:43 > R S, i 20140919 09:03
20140017 21:35 JEo o | 20140919 09:03 § St g 2 - ; | 20140919 10:45 §
B9 20140918 20:40 : i 1 ' ‘ L . o H @ 20140919 20:26 &
@ 20140919 21:25 - e v % L] A 0 & — : F RV AU B 20140819 22:08

King Fire/CA, September 2014

Scenario 1 Scenario 2

Hybrid I/M-band product
L 1

we/e

375& 750 m
colocation

N

b

calculate
FRP

-«—

6
FRP,=FRP  FRP,=FRP +2



M-band vs. I-band

« The JPSS VIIRS
active fire products
provide high quality
information

Updated M-band algorithm in

750m M-band product
in operations since
March 15, 2016

375m I-band algorithm
evaluated for
operational
implementation

both products deliver
fire mask and fire
radiative power (FRP)

FRP used in air quality,
and smoke analysis
and prediction systems

FRP is incorporated
into AWIPS-II

delivery to NDE.
I. Csiszar, STAR; M. Tsidulko, IMSG@STAR, W. Schroeder, UMD

M Input unavailable

[ Fire medium
M Fire high

Fire masks from the M-band (top and left) and I-band (bottom and right)
algorithms on 6/18/2017 02:04 UTC.



VIIRS 375 m Fire Radiative Power
Jan-Dec 2015 (Julian days 1,10,20,...,360)

Sum of top-of-atmosphere (TOA) FRP over sampling period
using 0.5° grid

Sum FRP (MW) ke
[ 10 3
1100

[ 11200
1 2300
7 3400
= 4500
B 5600
B 6700
BN 7800
B 8000
B 10000
BN 30000

Frequent saturation prevents FRP retrieval using
375 m mid-IR data
Alternative calculation implemented using co-located
750 m mid-IR unsaturated data




MYD14 1km Collection 6 Fire Radiative Power
Jan-Dec 2015 (Julian days 1,10,20,...,360)

Sum of top-of-atmosphere (TOA) FRP over sampling period
using 0.5° grid

Sum FRP (MW)

110

[ 100 )

[ 11200 -

] 2300

] 3400

[0 4500

[ 5600

B 6700

Bl 7800

Il 3900

Il 10000

Il 30000

Higher VIIRS spatial resolution means: Global TOA FRP totals:
3-4 more daytime fire pixels Terra/MODIS: 6.1x10° MW

20-25 more nighttime fire pixels Aqua/MODIS: 13.4x10® MW

Compared to Aqua/MODIS S-NPP/VIIRS: 19.6x10® MW




VIIRS 375 m x MODIS 1km
TOA Fire Radiative Power (FRP)

Alaska North America Russia
140 - 140 140
) 120 g 120 & 120
© 8 8
c 100 - £ 100 < 100
& S 80 1 g
[a [a (ol
= e 60 &
w (%) %]
a o 40 =)
o O )
= S 20 >
0
MODIS  VIIRS MODIS  VIIRS MODIS  VIIRS
140 140 140
Y 120 L 120 L 120
8 8 8
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o O O
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(a o o
o 60 60 60
[¥p] w) w)
a 40 a 40 o 40
e e e
= 20 = 20 = 20
0 0 0
MODIS  VIIRS MODIS  VIIRS MODIS  VIIRS
South America Africa South East Asia

45% of daytime and
80% of nighttime VIIRS
375m fire pixels have no
match in Aqua/MODIS
fire data

VIIRS 375m
systematically detecting
more fires than same-
day MODIS (Terra &
Aqua) in areas
dominated by
small/low-intensity fires



Aqua MODIS vs. VIIRS 750m FRP

A L
O N
e 8
8/22/2016 i Joe—0s
R?=10.68 *

clusters = 30(}1

2000
|
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|

1000

VIIRS FRP(MW)

500

Fires from MODIS and VIIRS matched in individual fire

H 1 1 T T T T T T
events. Each fire event is considered as a cluster ( total ; 0 0 1300 2000 2900

301 fire events were selected) Aqua MODIS FRP(MW)




Aqua MODIS vs. VIIRS 750m FRP

= slope = 0.57
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MODIS vs. VIIRS FRP con5|derat|ons

e Differences in

— Scanning geometry
e Pixel size distribution

— Handling of bow-tie
effects
e Duplicate detections
— Pixel aggregation

e Relative signal within
pixel

— Atmospheric
transmittance

* More CO, absorption in
VIIRS M13

FRP is critical input for emission estimates!

100 + N
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]

l
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2

g 60 .
=
~

£ 40 A =
=
L

= 20 - -

MODIS
0 - —
0 10 20 30 40 50 60

View zenith angle (degree)

Atmospheric transmittance

Transmittance [-]

i i | | j |
o 10 20 30 40 50 60 70
View zenith angle [°]



VIIRS [MW]

Cross-comparison of atmospherically corrected
MODIS x VIIRS FRP Data

FRP retrievals corrected for atmospheric attenuation using
MODTRAN + MERRA-2 (0.625° x 0.5°)

FRP TOA
T T T ¢ T LIS B .
. . : . . M. .
140 |- . N=12712 Shmheemd et e 140 |- . N=12712
Bias=-15.67 , s e A Bias=-2.18
STD=114.60 ° : ot e STD=135.39
Median=-2.88 * I, : e Median=1.54
MAD=11.43 * : : MAD=15.10
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: 3 3 T . e .t
100 g SN e e T LY, A e 4 e 100
% 80
)
o
= 60
40
20
0 | 1 1 1 1 | 1 0 | 1 1 1 1 | 1
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Before atmospheric correction After atmospheric correction



VIIRS vs. MODIS pixel area and swath width

3.0
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No VIIRS gaps at low latitudes!




VIIRS vs. MODIS pixel area and swath width

(blue: 11:48-11:53am, orange: 10:09-10:12am)
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404 1

Latitude

Granules of two n

eighboring orbit tracks
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—0— VIIRS —o— MODIS

| Significantly more
3 VIIRS 750m detections
{ at low latitudes

Good quality VIIRS observations at low
latitudes from consecutive orbits!
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Examples of real-time fire and smoke monitoring

systems using VIIRS active fire data
HRRR: High Resolution Rapid Refresh

HRRR-SMOKE 09/14/2016 (06:00) - Experiment=:

RS Firc Radiative Power (MW) elDEA: enhanced Infusing satellite Data into
Environmental Applications

[% eIDEA -- enhanced Infus X
€ C O

is.noaa.gov/smed/spb
i3 Apps G National Oceanicanc [ Request for Adjustme & NOAA's Comprehens  ~f Commerce - OCIO Se  [T] NCWCP Tenant Wel

[} Geleo Travel Manage

enhanced Infusing satellite

Data into Environmental P 9 i s
Applications

‘ Select Date  E3ERERIEED

VIIRS RGB and smoke/fire products 20160920 jectories
Product Description 3-day Movies

Documents

PM,(ogim) 401
— S<I00 o« 100500 e S00-1000 I Iy T
®1000-1500  @=>1500 20 40 02 06 (1} 1

mmmmmmmmmm

60 80 100 *

eIDEA-AK

HRRR-SMOKE 09/14/2016 (06:00) Oh fcst - “<perimental
Yertically Int
(e

https://www.star.nesdis.noaa.gov/smcd/spb/aqg/eidea/

https://www.star.nesdis.noaa.gov/smcd/spb/aq/eidea-ak/

https://rapidrefresh.noaa.gov/HRRRsmoke



https://www.star.nesdis.noaa.gov/smcd/spb/aq/eidea/
http://www.star.nesdis.noaa.gov/smcd/spb/aq/eidea/
https://rapidrefresh.noaa.gov/HRRRsmoke

VIIRS Active Fire Long-term Monitoring

http://www.star.nesdis.noaa.gov/jpss/EDRs/products_activeFires.php
Suomi NPP - VIIRS - NDE - Active Fires Suomi NPP - VIIRS - IDPS - Active Fires
16 Jun 2016 16 Jun 2016

30 50 60 70 80 90 100 @ 30 50 60 70 80 90 100 "

Fire Frequency Fire Frequency

NOAA/NESDISISTAR NOAA/NESDISISTAR

Suomi NPP - VIIRS - NDE - Fire Radiative Power - Total Suomi NPP - VIIRS - NDE - Fire Radiative Power - Mean
16 Jun 2016 16 Jun 2016

15 20 j 2 g @ X . i 15 ; i @

Iog,, (Megawatts) Iog,, (Megawatts)
NOAA/NESDISISTAR NOAA/NESDISISTAR



Active fire data anomalies during the early
period of the Suomi NPP data record

Suomi NPP VIIRS - IDPS Active Fires

Suomi NPP VIIRS - IDPS Active Fires

Fire Frequency

3 Jun 2012 20 May 2012
— S - e s =
= e : ek -
= A ot o S el A e
. \;'X - .l \ = S e s -
S o S . A : e :
. | E ¢ iy
‘_""“"t- B v
. { 3
: _'7 = ‘7.)7’-" \-‘*-,___j" o
20 40 80 70

Fire Frequency

10 20 30 40 50 60 70 BO 90 100 |@'

NOAAMESDISISTAR

Examples of the first operational real-time IDPS product as archived in NOAA CLASS

(http://www.class.ncdc.noaa.gov/).

Not reprocessed; not to be used for science analysis. Reprocessing is ongoing.


http://www.class.ncdc.noaa.gov/

Missing data packets / calibration mismatch

npp_d20120520 t1533555 e1535197

' Earth scene data with calibration mismatch
bow-tie

missing data
deletion

Earth scene data with correct calibration

e

clear land missing data

original
real-time
IDPS M13 SDR

NDE fire mask”

reprocessed
M13 SDR

NDE fire mask "

“including on ground

bow-tie deletion



Summary

Operational NDE production with a mature 750m algorithms is
now ongoing

— Some changes forthcoming

Near-real-time product and distribution enables regional
applications

Algorithms incorporated into major direct broadcast packages
— |IPOPP and CSPP

Extensive outreach, resulting in critical operational applications

— e.g. coupled with air quality / smoke monitoring and modeling
— Weather / fire

Reprocessing of the data record with highest quality input and
most mature algorithms is ongoing

— Not only eliminates spurious detections, but also enables the detection of
previously missed fires



Vegetation Health Development and Applications
Transition from AVHRR to JPSS

Presenters:
Felix Kogan, Wei Guo & Wenze Yang




Vegetation Health (VH) is an indicator of satellite-based
vegetation response to weather (mostly Pand T)

From AVHRR/NOAA-19 Operational Polar Orbiting Satellite
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2 o

W >
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ﬁ —

0 12 36 60 84

http://www.star.nesdis.noaa.gov/smcd/emb/vci/VH/index.php

Vegetation Health
Drought
Area
Intensity
Duration
Start/End
Impacts
Moisture Stress
Thermal Stress
Healthy Vegetation
Crop/pasture Prod.
Fire Risk
Soil Saturation
Mosquitoes Diseases
Land Greenness
Landslides
Food security
Climate Change
Land Change



4} GTS (WMO-based) weather station network

One weather station covers

GLOBAL -10,000 sq. km
Africa - 31,000 sg. km |

NOAA satellites cover GTS
| Weather

AVHRR: 4 & 16 km? Stations
VIIRS: 0.5,1 & 4 km?




Vegetation Health

(1) Normalized Difference Vegetation Index (NDVI)
VIS (Ch1) and NIR (CH2)
Brightness Temperature (BT)
IR (CH4)

(2) NDVI & BT Climatology




Vegetation Health (VH) Indices

VCI=(NDVI-NDVImin)/(NDVImax-NDVImin) A MOISTURE

NDVImax, and NDVImin - climatology (1981-2000
maximum and minimum NDV!I for a pixel;

Temperature condition index (TCI), values 0 - 10

TCI=(BTmax-BTmin)/(BTmax-BTmin) THERMAL

NDVImax, and NDVImin - climatology (1981-2000
maximum and minimum NDV!I for a pixel

Vegetation Health Index (VHI), values 0 - 100 VEG.
HEALTH
VHI=a*VCl+(1-a)*TClI

0 - indicates extreme stress; 100 — indicates favorable conditions



| VHI " Vegetation Health Index
Stressed Healthy snowfice Desert
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Vegetation health

i Moisture
g '] Condition

olf! 1
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0612 24 36 43 60 72 84 100
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Vegetation Health 2015, PORTUGAL



Vegetation Health (VH) Data

*NOAA/AVHRR (37y) 16 sq. km
4 sqg. km

SNPP/VIIRS (6y) 4 sq.km
1 sq.km
0.5 sqg. km



EQP

I.I S. Druuqht Monitor (USDM)

ember 11, 2012

INTENSITY ol
[ | DO - Abnormally dry
D it 1 s
|| D1 - Moderate Drought rougRE Impac
[l D2 - Severe Drought ™. Dominant Impacts
I D3 - Extreme Drought 5 - Short-term (<6 months)

Il D4 - Exceptional Drought L - Long-term (=6 months)

Drought area & intensity from Vegetation Health
September 14, 2012
=120 =105 =80
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VH-based Drought Stress & % state with pasture & range land in poor
|
& very poor coonditions, May 6, 2013

4
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30

VH-based Drought Stress (NOAA), May 6, 2013 & Percent Whinter
Wheat Area in Poor and Very Poor Conditions (USDA), May 5, 2013

40

30

=100 -0 =50 =70

Winter Wheat (hard, soft & white) major area



A 4O Pasture biomass vs VCI,MONGOLIA
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Transition to SNPP/VIIRS & J-1

*TWO methods:

1. Adjust SNPP/VIIRS weekly NDVI & BT to weekly
NOAA/AVHRR

2. Adjust SNPP/VIIRS 5-year weekly NDVI & BT
climatology to NOAA/AVHRR 36-year
climatology




Time series of SMN from VIIRS and

AVHRR

040 Region2 lon=[-180.00, 180.00] lat=[-40.00, 40.00]
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Year

The SMN from VIIRS and AVHRR are not on the same level. Adjustment is required to make the
long term time series aligned.
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ACCOMPLISHMENTS

sData collection from SNPP/VIIRS, AVHRR/NOAA-18 & 19, MODIS/AQUA
*Algorithm Development (data sampling, gap filling, reflectance calculation, noise

removal)

eData processing (NDVI, BT, no noise NDVI & BT)



Algorithm Background

The SNPP & J1/VIIRS Vegetation Health (VH) Indices from EDR
VIIRS/VH-1 is global weekly composite products with 1 km? resolution

The VH-EDR consists of three indices, Vegetation Condition Index (VCI), Thermal Condition Index (TCl)
and Vegetation Health Index (VHI)

The algorithm is based on three bio-physical laws: Liebig’s Law-of-Minimum, Shelford’s Law-of-
Tolerance & Carrying Capacity

Daily SNPP/VIIRS-1 is derived from the TOA radiances: VIS, NIR - image bands: & Thermal bands

The radiances are pre-launch & post-launch calibrated, checked for accuracy

* Weekly composite raw Normalized Difference Vegetation Index (NDVI) and raw Brightness temperature
(BT) are calculated after adjustment for sun angle, observation time & atmospheric effects

* Noise removal from weekly raw NDVI & BT and converting them to no noise NDVI (SMN) and BT (SMT)

Climatology derivation from multi-year SMN and SMT weekly data, using three Bio-physical Laws

Two SNPP/VIIRS & J1/VIIRS climatology conversions to longer data sets & tests:
— NDVI & BT real-time weekly from 5-year SNPP/VIIRS to 36-year NOAA/AVHRR
—NDVI & BT climatology weekly from 5-year SNPP/VIIRS to 36-year NOAA/AVHRR

Modeling SNPP/VIIRS-1 Vegetation condition index (VCI), Temperature condition index (TCl) & Vegetation
health index (VHI)

Derivation of VH-EDR’s per-pixel quality flags (e.g., land/water snow, desert, cloud mask and random
noise)

e Test SNPP VIIRSiVH-l ierformance with in situ data
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MOVI from S-MNPPVIIRS

VIIRS vs. &VHRR
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The SMN from VIIRS and AVHRR are not on the same level. Adjustment is required to
make the long term time series aligned.




Vegetation Health Milestones Update

June 10, 2017

eCalculate 5 year climatology (max and min) from S-NPP
VIIRS (Apr, 2017)

*Calculate same 5 year climatology from AVHRR (Apr
2017)

Similar/dissimilar for the two climatology (May, 2017)
eSimilar/dissimilar for 5-year & 36-year climatology
«Calculate VIIRS/VH (VCI, TCI, VHI) (Jun, 2017)

eCompare VIIRS/VH to AVHRR/VH for 2012-2017 (Jan,
2018)

—If there are issues with the VIIRS climatology re-calculate
it each year with J1 data.



Algorithm Improvements

Algorithm Improvements
*4 km Climatology from AVHRR
*4 and 1 km Climatology from VIIRS

*Cal/Val Climatology for evaluating algorithm
performance

a. Comparison with AVHRR algorithms

b. Comparison with in situ data




SNPP/VIIRS-1 Climatology

*Directly generate 5-year VIIRS 1km climatology
(V5);

eGenerate pseudo 36-year VIIRS 1km climatology
(V36) based on VIIRS 4km V36 climatology and
1km V5 climatology:

e Get mean value over 4km grid cell for climatology mearr.

From V5 1km MEAN at specific week (MEAN, ;1) Calculate mean values over 4km grid (MEAN iircaim)-

e Calculate adjustment:
Adjustment = MEAN ;<1 = MEAN,,

* Interpolate 4km VIIRS climatology to 1km resolutiGrm{viayirs; m
MXNviirs4km 9'leNviirslkm O O

irsdkm

* MXN,.,,= MXN + Adjustment

viirslkm
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Vegetation Health data sources

Sensors Advanced Very High Resolution Radiometer (AVHRR)
Visible Infrared Imaging Radiometer Suite (VIIRS)

Satellites NOAA/AVHRR: NOAA-7, 9, 11, 14, 16, 18, 19
S-NPP/VIIRS, J-1 (JPSS)/VIIRS

Data Resolution Spatial 05, 1,4 (GAC), 8 & 16 (GVI) km;
Temporal 7-day composite

Period 37-year (1981-2017), future?
5-year (2012-2016) currently

(2017 — 2030) future

Coverage World (75 Nto 55 S)

Channels: VIS, NIR, IR : Indices: NDVI & BT



1. NDVI & BT

2. N-B Climatology
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Transition to SNPP/VIIRS & J-1

From the TWO methods the first one is used:

1. Adjust SNPP/VIIRS weekly NDVI & BT
to weekly NOAA/AVHRR




(SMN): AVHRR-VIIRS time
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USA Drought from USDM & VHI
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VIIRS VHP IT Architectures: Apply #1

Adjust SNPP/VIIRS weekly NDVI & BT to weekly NOAA/AVHRR

VIIRS VHP IT Architectures
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VHI: VIIRS-1km vs AVHRR-4 km
May 20, 2017
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Transition to SNPP/VIIRS & J-1

From the TWO methods the second one is
used:

Adjust SNPP/VIIRS 5-year weekly NDVI & BT
climatology to NOAA/AVHRR 36-year climatology
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SSNPP/VIIRS & NOAA/AVHRR 4km Climatology

*Directly generate 5-year VIIRS 4km climatology (V5);

*Directly generate 5-year AVHRR 4km climatology (A5)
at the same period with V5;

*Directly generate 36-year AVHRR 4km climatology
(A36);

*Generate pseudo 36-year VIIRS 4km climatology (V36)
based on the calculation from V5, A5 and A36

climatology:
A36

V36 = V5 X —
A5
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Data #1:  Sdatashomed0z wyanas/id]l _GYI/prog/data_yang,AYHRE_VHP A dkm/YH_AYHRE_3
WHP,GO4 , Co7 NP P201E030,VH, ne ¢ YWHI Data #1:  Sdatashomed02 wyangsidl_GYI/prog/data_yangsAYHRE_VHP dkmsYH_AYHRE_3|

YHP, GO4 ,CO7 NP P20LE0Z0,MH, ne ¢ WHI
Data #2:  Adatasbhome002 wyangs id]_GYI/prog/data_yang YIRS/ 4kmWH_YIIRS_36_u2

Data #2:  Sdatashomedlz wyangs/id]l _GYI/prog/data_yang YT IRS 4kmAH_VIIRS_5/
YEVT_21Bands, 604, C07  npp, P2OLE020,YHane ¢ YHI

lon=[-179,98, 179,22] lat=[-55,10, 74,28]

Hormalized Histogram

YEVI_21Bands, 604, CO7  npp P2016030,YH, ne ¢ VHI

lon=[-179.93, 179,23] lat=[-5G,10, 74,28]

1,0 T : T T — Data #1 (1) Mormalized Histogram Data #1 (1)
# 1.0 LN B B B R R R —
— Data k2 (2) _ Data #2 (2)
0.8 0,8
sanples= 17730 zamples= 18300
0,5 meanl= 20,4126 0 meanl= 50, 4600
mEan= 04,3309 ' mean2= 50, 7300
ztdl= 17,3904 stdl= 17,2314
0.4 std2= 28,2321 0.4 stdp= 18,4042
Diffmax= 93, 6000 Diffmax= B2, 4500
0,2 Tiffmin= -97,1300 0,2 Diffmin= -GG, 0300
mean|diffi= 3.97823 mean(diffi= 0,270391
0,0 stddev(diff)= 26,5163 0,0 v o s M stddew{difFl= 11,2891
20 40 B an 100
Scatter Plot
100 T T T
e Y= +b * X f=awm ™A
a0 a= 21070226 80 ] &= 7.0482257
§ b= (1 EE09G743 b= 0,B0L7 7037
[
. o B0 7 _
) Samples= 18300
= _ Sanples= 17750 o e o801
o] : CC=  0,4063 B :
15 ol N = 40 1 PRMSE= 11,011843
o RHSE= 25,851818
20 E
20
8 0 R PR PR RO T [T S TR T T T T T | PR ]
0 20 40 B an 100
Data #1
[ . il |
0.48 S 0.73
n
| |

i} Denzity 1




Test: VHI 1km Product

A36 vs. Former Scheme

A36 vs. V36
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Daily | Weekly | Monthly | Quarterly | Yearly Page Views
[ Unique Visits
Returning Yisits

33K

Labels on Chart

Date Range: @ Last Year | or 'C 1 Jan - 2016 - 31 Dec- 2016
Chart Type: ! Line Chart D Aarea Chart @ Bar Chart [ sawve A= Default
i oswl s
Page Views Unique Visits First Time Visits Returning Visits
Total 140 165635 30,868 17,849 13,019
Craily Average 383 85 49 a6

Vegetation Health (VH) Total Users in 2016 and Daily



VIIRS SURFACE TYPE

NOAA NESDIS STAR
301-683-3599; Xiwu.Zhan@noaa.gov
X. Zhan, C. Huang, R. Zhang, P. Wang, |. Csiszar
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JP$S Outline

e VIIRS Surface Type Product Team Members
e Surface type algorithm overview

e S-NPP Surface Type Product Overview

e JPSS-1 Readiness for Surface Type products
e Summary and Path Forward

STAR JPSS Annual Science Team Meeting, 14-18 August 2017



)5 VIIRS Surface Type Team Members

Team Member Organization Roles and Responsibilities

Xiwu Zhan NESDIS-STAR Pl of VIIRS Surface Type Team
Chengquan Huang UMD Geography Lead of UMD team members
Rui Zhang UMD Geography Algorithm, valid?éigg and production
Panshi Wang UMD Geography Algorithm, validation

lvan Csiszar NESDIS-STAR VIIRS Land Team Lead

STAR JPSS Annual Science Team Meeting, 14-18 August 2017 3



NOAA DNASA

 Impact of Surface Type to NWP model performance:
GFS T1534 Vegetation Type

38N

37N

36BN

35N

34N

33N

32N

31N

30N

28N

27N

26N

25N

Surface Type Products Overview

From Chris Hain
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JPSS Surface Type Products Overview

ST-EDR/AST Requirements from JPSS L1RD

Attribute E——r

Geographic coverage Global Global

Vertical Coverage

Vertical Cell Size N/A N/A

Horizontal Cell Size 1 km at nadir 1 km at edge of scan
Mapping Uncertainty 5 km 1 km

Measurement Range 17 IGBP classes 17 IGBP classes
Measurement Accuracy 70% correct for 17 types ~78% for 17 types

Measurement Precision
Measurement Uncertainty

STAR JPSS Annual Science Team Meeting, 14-18 August 2017



)s  Surface Type Products Overview

e Surface Type products include Surface Type EDR (ST EDR) and
Global Annual Surface Type Maps (AST)

e Global Annual Surface Type Maps provide static labels for
each 1km land grid for NWP models and other users

e Surface Type EDR is to provide current day surface type status
for LST EDR and other users

e AST offline generation is the main task of the VIIRS ST team

e AST is generated using Support Vector Machine algorithm
based on global training polygons database and dozens of
classification metrics that are computed from daily surface
reflectance observations from VIIRS

 Aseries of ancillary data are used in the post-classification
processes to improve the initial classification result.

STAR JPSS Annual Science Team Meeting, 14-18 August 2017



Surface Type Algorithm Overview

NOAA NASA

\ 4

Gridding

Ancillary data source
Land cover agreement map
"
Compositing
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2.25 Maximum NDVI value
M12 (20) 3.70 Minimum NDVI value of 8 greenest months
14 (20) 3.74 Mean NDVI value of 8 greenest months
M13 (21 or 22) 4.05 Amplitude of NDVI over 8 greenest months
M14 (29) 8.55 Mean NDVI value of 4 warmest months
M15 (31) 10.76 NDVI value of warmest month
I5 (31 or 32) 11.45 Maximum band x value of 8 greenest months.
M16 (32) 12.01 Minimum band x value of 8 greenest months.
Mean band x value of 8 greenest months.
Amplitude of band x value over 8 greenest
months.
Band x value from month of maximum NDVI.
Mean band x value of 4 warmest months.
Band x value of warmest month.

Metrics generation

Metrics
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)s  Surface Type Products Overview

 Inthe new 2016 AST production, a new urban percentage mask is created from the
30m NSDI land cover map, which has been used in the post-classification processes
to improve the guality of the urban type.

Zoom in
view for NW US

By integrating high-resolution based
urban mask, more detailed
residential regions could be

nspisom I Dban identified. Additionally, other artificial
derainUTM l in Sinusoidal surfaces, such as industrial lands,

could also be separated.

STAR JPSS Annual Science Team Meeting, 14-18 August 2017



)s  Surface Type Products Overview

 New global surface type map using 2016 VIIRS data was generated.

Evergreen Needleleaf Forests
Evergreen Broadleaf Forests
Deciduous Needleleaf Forests
Deciduous Broadleaf Forest
Mixed Forests

Closed Shrublands

Qpen Shrublands

Woody Savannas

Savannas

Grasslands

Permanent Wetlands
Croplands

Urban and Built-up Lands
Cropland/Natural Vegetation Mosaics
Snow and Ice

Barren

Water Bodies

QOCHNCNOETCNNENEN

While the overall classification accuracy
(~78%) of the new map is similar to 2015
delivery, some accuracy improvements are
observed, such as urban/built-up lands. The
images shown left demonstrate an examples
of the newly labeled oil drilling land in Texas,
US, which is considered built-up lands, where
the old version presented wrong type labels.
Google images verified the mapping results.

" L
. dEe e i il mRE . | - ]
4 r . ) ke
] ¥ -
¥ i - 2] A - Py
o - J i

Oil drilling land in TX, US in 2016 map
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Surface Type Products Overview

NOAA NASA
Reference
Total User's Producer’s
(%) accuracy (%) accuracy (%)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Map 1 0.0188 0 0.0006 0.0004 0.0028 0.0001 0 0.0021 0.0002 0.0004 0.0001 0 0 0.0001 0 0 0.0002 0.0259 72.53+2.93  72+3.48

2 0 0.0856 0 0.0008 0.0009 0 0 0.0041 0.0011 0.0003 0 0.0003 0 0.0006 0 0 0 0.093891.3+1.15 93.02+1.08
8 0.0007 0 0.01 0 0.001 0 0.0002  0.001 0 0.0001 0.0005 0 0 0 0 0 0 0.013574.17+4.01  66.96+4.75
4 0 0 0.0001 0.0078 0.0004 0 0.0001 0.0009 0.0002 0 0 0 0 0.0001 0 0 0 0.009582.32+2.99  36.07+3.18
5 0.0016 0.0011 0.0029 0.0074 0.0362 0.0002 0 0.0064 0.0011 0.0002 0.0002 0.0002 0.0002 0.0033 0 0 0.0002 0.06159.25+2.55 77.32+2.53
6 0 0 0 0 0 0.0004 0 0 0 0 0 0 0 0 0 0 0 0.0006 72.41+5.92  2.74+0.58
7 0.002 0 0.0002 0.0005 0.0022 0.0066 0.1191 0.0051 0.0032 0.0137 0.0015 0.0037 0 0.0017 0 0.0056 0.0002 0.165372.04+1.73  84.29+1.77
8 0.0027 0.0018 0.0005 0.003 0.0014 0.0007 0.0022 0.0505 0.006 0.0009 0.0006 0.0007 0.0001 0.0037 0 0 0.0002 0.075167.24+1.86  58.12+2.18
9 0 0.0021 0.0003 0.0003 0.0003 0.004 0.0032 0.0097 0.0469 0.0024 0.0003 0.0021 0 0.004 0 0 0 0.0757 62.06£2.89  68.64+2.64
10 0.0001 0 0.0002 0.0002 0.0006 0.0026 0.0069 0.0022 0.0028 0.0632 0 0.0066 0.0001 0.0023 0  0.002 0 0.0970.26+1.69  68.81+2.44
11 0.0001  0.0002 0 0 0.0001 0 0.0006 0.0004 0.0006 0.0002 0.005 0.0002 0 0 0 0 0 0.0076 65.57+6.13  61.45+7.46
12 0.0001 0.0001 0 0.0001 0.0003 0.0002 0.0008 0.0005 0.002 0.0042 0.0001  0.069 0.0006 0.0058 0 0 0.0002 0.084182.11+1.24  78.47+1.66
13 0 0 0 0 0 0 0.0001 0.0003 0 0.0001 0 0.0007 0.0052 0.0004 0 0 0 0.0069 75+3.62 82.46+4.75
14 0 0.001 0.0002 0.0011 0.0006 0.0001 0.0007 0.0037 0.0041 0.0018 0 0.004 0.0001 0.0278 0 0.0001 0 0.045161.61+2.08  54.62+2.68
15 0 0 0 0 0 0 0.0017 0 0 0.0017 0 0 0 0 0.1006 0 0 0.10496.72+2.3 1000
16 0 0 0 0 0 0 0.0057 0 0 0.0022 0 0.0004 0 0.0009 0 0.1216 0 0.130892.98+1.48 94.03+0.98
17 0 0 0 0 0 0 0 0 0 0.0002 0 0 0 0 0 0 0.0111 0.011398.33+1.67  91.41+3.14

Total 0.0261  0.092 0.015 0.0216 0.0468 0.0148 0.1413 0.0868 0.0684 0.0919 0.0081  0.088 0.0063 0.0508 0.1006 0.1293 0.0121 100

Error matrix of estimated area proportions (in percentage). Overall accuracy is 77.9 £ 0.6%.

Note: the error matrix was created using area proportion of
each class in the classification map, which could avoid
estimation bias observed in simple pixel count based error
matrices, in which the estimated overall classification
accuracy is 74.5%

By incorporating new urban mask, the producer’s accuracy
(omission) for urban/built-up increased approximately 23.5%.
STAR JPSS Annual Science Team Meeti 10
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JP$S Reprocessing Plan

 The generation of surface type map depends on data
availability of surface reflectance data. If surface
reflectance reprocessing data is produced, the surface
type products could benefit from improved data quality of
the surface reflectance data.

 The generation of surface type requires at least one
whole year multiple bands surface reflectance data
Inputs, and the sophisticated classification algorithm
usually takes significant amount of time to classify
composited metrics, SO extra computing resources are
needed if reprocessing is planned.

STAR JPSS Annual Science Team Meeting, 14-18 August 2017
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NOAA

JPSS Long Term Monitoring

NASA

http://www.star.nesdis.noaa.qgov/ipss/EDRs/products surfacetype.php

Suomi NPP VIIRS Global Surface Type Composite (ST-EDR) Suomi NPP VIIRS Global Active Fire Composite (ST-EDR)

5 Aug 2017 5 Aug 2017

E

ENF [ DEF [ OShrub [T Grass [/ Crop [ Crop Mos [ Barren
EBF @@ Mix [ W.Sav . Wet Emm Urban [ Snow [ Water
DNF [ CShub [ Sav

v B Fre [ Nonfire

Suomi NPP VIIRS Global Vegetation Fraction (ST-EDR)
Suomi NPP VIIRS Global Snow/lce Composite (ST-EDR) 5 Aug 2017
5 Aug 2017

9

NOAANFSDISISTAR

|- 0 [ 1-20 B 2140 e 41-60 HEE 51-60 | 50-100 — Fil\valuel

[ Snowflce = Non-Snowflce |

NOAA/NESDISISTAR
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http://www.star.nesdis.noaa.gov/jpss/EDRs/products_surfacetype.php

JP$S Enterprise Algorithm Status

* Annual surface type map is produced offline, but it
required VIIRS surface reflectance data input, which
could be produced by the enterprise environment.

 Because surface type team needs a whole year
observation to start processes, the production schedule
for ST Is at least one year delayed. For example, 2017
annual ST map will be delivered at the Sep. of 2018.

 The surface type team has coordinated with other
enterprise algorithm teams about all aspects of technical
details of the enterprise data products, such as data
format, and output projections.

STAR JPSS Annual Science Team Meeting, 14-18 August 2017
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3 User Feedback

e User list

— Modeling studies
¢ |and surface parameterization for GCMs
¢ Biogeochemical cycles
e Hydrological processes

— Carbon and ecosystem studies
e (Carbon stock, fluxes
¢ Biodiversity

« Feedback from users (Primary user: NCEP land team led by M.

Ek)
— 2014 annual surface type map with three tundra types was
delivered to NCEP eatrlier this year.
 Downstream product list
— Land surface temperature (direct, could change)

— Cloud mask, aerosol products, other products require global
land/water location information (indirect)

STAR JPSS Annual Science Team Meeting, 14-18 August 2017
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JPSS Daily Surface Type Product

Rapid surface changes can be caused by many events:
— Flooding, severe drought, snow storm, fire, large scale deforestation

These changes cannot be captured by the annual GST
product

A suite of daily products or change indicator products are

needed to capture such rapid changes
— Can build on the original ST-EDR concept

— Where available, use existing VIIRS products (e.g., Snow, Fire,
vegetation cover)

» Better temporal consistency needed to allow change detection
» For fire, post fire surface type information needs to be derived
— Some changes require new products, e.g.:

« Daily surface inundation needed to capture surface changes due to
flooding and flood receding

« Sub-annual tree cover data needed to capture deforestation

STAR JPSS Annual Science Team Meeting, 14-18 August 2017
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JPSS JPSS-1 Readiness

Significant Algorithm changes from S-NPP to JPSS-1

— Metrics and post-processing could be improved. No significant
algorithm changes planed for J-1.

Pre-launch Characterization: None.

Post-Launch Cal/Val Plans

— Dataset: Validation sites database. Collecting new sites. No field
campaigns planned.

— Schedule and Milestones: First J-1 based surface type map with
validation should be generated in 18 months after JPSS-1
launch (Need one year to collect J-1 data, and 6 months for
processes). 2017 J-1 surface type map will be delivered in
year 2018.

Risks/issues/challenges: None.
Collaboration with stake holders/users : In progress.

STAR JPSS Annual Science Team Meeting, 14-18 August 2017
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JPSS Summary

« 2016 VIIRS annual surface type (AST) classification map
was generated, validated and in preparation of delivery
through STAR-JPSS and other websites.

* High resolution land cover map (30 m NSDI) has been
used to generate urban/built-up lands percentage for
Improving the quality of urban type. This data could also
be used to improve other types, such as cropland, and
current land/water mask.

« Validation results on 2016 surface type map suggest the
new product meets the JPSS L1RD.

* Global surface type map with tundra types has been
delivered to NCEP for evaluation.

STAR JPSS Annual Science Team Meeting, 14-18 August 2017
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JP$S Path Forward

e 2018 Milestones:
— Delivery 2017 Global Annual Surface Type (AST) classification
map
— Develop new land/water mask for science and other users from
collection of high resolution land cover map.

« Alternate algorithms and future improvements:
— Keep using SVM, improve metrics and post-processing steps
— Keep collecting new training and validation datasets

e J2 and Beyond:

— Refine the algorithm details while keeping the overall data
processing framework and continue the offline production of the

AST product

STAR JPSS Annual Science Team Meeting, 14-18 August 2017
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NOAA

NASA

Thanks!

STAR JPSS Annual Science Team Meeting, 14-18 August 2017
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Land Product Characterization System

NOAA . NASP "o

STAR JPSS Science Team Meeting
17 August 2017

Kevin Gallo: NOAA/NESDIS/STAR USER GUIDE

LAND PRODUCT CHARACTERIZATION SYSTEM (LPCS)

collaborators

Greg Stensaas: USGS/EROS
John Dwyer: USGS/EROS
Ryan Longhenry: USGS/EROS

Version 2.6

May 2017

cience for a changing world
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Land Product Characterization System (LPCS)

What is LPCS
Highlights of LPCS
1. Search, Inventory & Ordering
2. Analysis Tools
Path Forward
1. Status and Readiness
2. CEOS LPV collaboration
Summary



What is LPCS

A web-based system
designed for comparative
analysis of global satellite
higher-level land
products.

& = € [} Ipcsexplorer.crusgsgov

Apps e Bookmarks

(@]
[3 NewTsb [Bl Land Product Comp: Home | USGS/EROS Planning Center On

L=}
@ EROS Rotisserie Lea: & National Weather Se: » (] Other bookmas
LPCS & ZUSGS w, .

USGS Hom:
- L Contact USGS
Land Product Characterization System E

Land Product Characterization System (LPCS)

| Home

Searcn Crieria | iaia Sets

Search Criterla Summary (Srow
2. Select Your Data Set(s)

Check the boxes for the data set(s) you want to search
‘When done selecting data set(s), click the Additional
Criteria or Resuits buttons below. Click the plus sign
next to the category name to show a list of data sets.

Use Data Set Prefiter (Whate This7)

Data Set Search
4 GOESR
& Landsat Archive [

¥ NASA LPDAAC Collections (MODIS)
T VIRS.

€ [} Ipcsexplorer.crusgs.gov

ppe P Bookmaris [ NewTab [l Land Procuct Comp

LPCS & ZUSGS

om:
CIIETsb  Home|USGS/EROS | [T Planming CenterOnii ) EROS RoisserieLess: & National Westher Se. [ Other bookmas

" USGS Home
i Contact USGS
Land Product Characterization System & Saarch
Land Product Characterization System (LPCS) [y—
[ Home Login Register [IL) Feedback Holp
| Search Criteria Summary (Srow Clear criteria
2. Select Your Data Set(s) i

Check the boxes for the data set(s) you want to search
When done selecting data sel(s), click the Additional
Critenia or Resuifs butions below. Click the plus sign
next to the category name to show a list of data sets.

Use Data Set Prefiter

Data Set Search
= GOESR
= Landsat Archive [

= NASA LPDAAC Collections (MODIS)
EVIRS




What is LPCS: S (=)

) { )
10 N — N
Output example
0.9
0.8
Trending of similar bands of
data from multiple sensors.
=
% 0.5
[
E 0.4 ] (X
Near-IR Surface Reflectance A,
" o DN@,‘
0.2 _
DATE Doy MINIMUM MAXIMUM MEAN STDDEV  VALID 0.1
3/5/2015 64 197 3348 2211.75 254.2622yes ool EOS Land Validation Core Site: Konza Prarie, KS USA
3/21/2015 80 86 3435 2260.46 2836276\/65 Mar‘2015 Apr|2015 May‘2015 Jun2|015 ]uIiOlS Aug ‘2015 Sep‘2015 Octéols
4/22/2015 112 101 4456 2682.246 360.7378yes Date
6/9/2015 160 516 4847 3641.673 371.7797 yes
6/24/2015 175 1277 4368 3162.141 323.418vyes
7/12/2015 193 663 4415 3224.323 336.7476vyes
7/24/2015 205 287 5333 3163.501 368.4334yes
8/12/2015 224 124 6987 3704.659 588.8336vyes
8/13/2015 225 284 5263 3203.423 390.1365vyes
8/26/2015 238 559 6009 4057.752 385.2751vyes
10/14/2015 287 173 3287 2207.415 260.9021vyes . o 5 5
10/15/2015 288 25 4663 2723466 392.9907 yes Tables and images provided for more intensive
10/18/2015 291 676 4266 3021.147 584.0373vyes
10/19/2015 292 281 3474 2223.977 311.7263vyes ana/yses'

10/25/2015 298 280 3102 2286.152 303.9241vyes




Land Product Characterization System

Cﬁfk l Dataand

On demand data acquisition # gmes fvcntony
g g ———:| information
Automated data acquisitions

What is LPCS

SNPP & JPSS VIIRS stored at
EROS.
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* Advanced processing
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& tables s
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Search, Inventory and Ordering

Several options

to search and order data. Can search by entering latitude and

longitude information or interactively drawing area of interest .

[

LPCS &) ZUSGS W, . °

for a changing wo - Contact USGS
Land Product Characterization System @ Search USGS

Land Product Characterization System (LPCS) Page Expires In1:58:51 ¢

Home Login Register Wil Feedback Help

Search Criteria | Data Set o o
| 22 Sels Search Criteria Summary (Show) Clear Criteria

1. Enter Search Criteria

To narrow your search area: type in an address or place
name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

Address/Place | Path/Row Feature

Coordinates | Predefined Area | Cal/Val Sites

I:J Decimal

1. Lat: 50° 30' 48" N, Lon: 121° 48' 59" W e
2. Lat: 46° 40' 46" N, Lon: 111° 47' 48" W IR
3. Lat: 41° 30" 30" N, Lon: 117° 25' 18" W e 4
4. Lat: 44° 20" 22" N, Lon: 124° 37" 44" W 2 4

[ use Map || Add Coordinate || Clear Coordinates |

Date Range | Result Options

Search from: & to: =

Search months: (all} -




Search, Inventory and Ordering

NEW: Can search by location of several in situ networks.

USGS Home
Contact USGS

Search USGS

Login Register MLy Feedback Help

Search Criteria Data Sets

Search Criteria Summary (Show) Clear Criteria

1. Enter Search Criteria : &% 19 _ TR _

9 Map  Satellite »q; - 9" N, 139° 13"W) Options Overlays
To narrow your search area: type in an address or place Fri ; L 2 i
name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

ressiPlace | Fath/Row Feature
3 Type

TR Select One

| Coordinates || Predefffied Area || CaliVal Sites AEROMET
NEOM Relocatable Terrestrial
NEOM Core Terrestrial
1 USCRN
Date Range | Result Options SURFRAD
EOS Land Validation Core Sites

Search from- = to: | 5

2

Search months: (all} -




Search, Inventory and Ordering

NEW: Can search by location of several in situ networks.

USGS Home
g : Contact USGS

s Search USGS

Home Login Register MLy Feedback Help

R Data Seis Search Criteria Summary (Show) Clear Criteria
1. Enter Search Criteria

To narrow your search area: type in an address or place
name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

Map  Satellite Options ~ Overlays

ress/Place | Fath/Row | Feature

g Type
s o EOS Land Validation Core Sites

Calival Site

Coordinates || Predefffied Area || CalVal Sites |.;3 konza
ce_fundulea
£2_maun

Addite - cs_slbemarle
ce_ticing

Date Range | Result Options cs_jomada

Search from- = to: |

_mandalgo

Search months: (all} b

._maricopa
_mongu

cs_whitscourt




Search, Inventory and Ordering

NEW: Can search by location of several in situ networks (e.g., Konza Prairie, KS) .

USGS Home
Contact USGS

Search USGS
nd Product Characterization System (LPCS)

Page Expires In1
Home 1 New System Message

Login Register [ JLii] Feedback Help

i Sl iy Il Dals Sm..-.-.. 1 Search Criteria Summary (Show) Clear Criteria
1. Enter Search Criteria

To narrow your search area: type in an address or place
name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

27°N,008° 23 40°W) Options  Overlays

. " : E NEBRASKA
Address/Place | PsthiRow I Festure |

Coordinates || Precefined Area | CallVsl Sites

B Decimal ‘

1. Lat: 39° 04' 48" N, Lon: 096° 33 36" W e 4

(s e A3 Cooranm lsrGosrntn ||

Dﬂ(‘e ﬁaﬂge’ VResu\'liOpt\ons '

| Search from: mmiddiyyyy  [= to: |mm

Search months: (all)

=2

Fa

OSAGE
RESERVATION

Map data 2017 Google. INEGI Imagery m:'

it



Search, Inventory and Ordering

Search for Landsat 8 data for comparison with GOES-16 ABI
data for severe hail event in S. Dakota (June 2017).

Users can LPCS & -USGS - e
SearCh for Land Product Characterization Syste

Search USGS
da ta from Home 1 New System Message Save Criteria Load Favorite ~ Manage Criteria Item Basket (0) kgallo@usgs.gov ~ i) Feedback Help
Search Criteria || Data Sats Additional Criteria Results |
I”U/tlple 1. Enter Search Criteria

Map  Satellite (41°19°05"N, . N) Options Overlays
To narrow your search area: type in an address or place - BT A i |
name, enter coordinates or click the map to define your ‘ p -

Sensors Over search area (for advanced map tools, view the help

documentation), and/or choose a date range

SEIeCted | Address/Place Path/Row || Featurs | : STANDING ROCK I
range of v o

Search Criteria Summary (Show) Clear Criteria

B : : JE L ICHEVENNE RIVER
Coordinates | Predefined Area | Calfval Sites || Shapefile | KML | . REEERVAIEOH
dates. o
Decimal |
- SOUTH
1. Lat 44° 46' 53" N, Lon: 097° 06" 20" W /R DIAKOTA
2. Lat: 44° 34' 00" N, Lon: 096° 22" 30" W /R |
3. Lat: 447 23 39" N, Lon: 096° 27" 27" W /R
; ROSEBUD
[ 11| W0 Y OFF-RESERVATION
4. Lat: 44" 36" 35" N, Lon: 097° 08" 28" W /R W TRUSTILA N. )
IUuIlm“MdCuordlthChv" ] 1 ROSEBUD INDIAN

RESERVATION YANKTON
. - T 7 — — — _RESERVATION
Date Range | Result Options | Valarting' 5

Search from: |06/19/2017 = to: [07/01/2017 L]

Search months: (all) -

NEBRASKA

|
Map data 82017 Google Imagery £2017 TerraMetrics | 5t L Terms of Use | Report 2 map error
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Search, Inventory and Ordering

Search for Landsat 8 data for comparison with GOES-16 ABI
data for severe hail event in S. Dakota (June 2017).

Selected
Landsat 8
data (other
data options
available and
planned)

L PC S '- z USGS . USGS Home

Contact USGS

Land Product Characterization Search USGS

Land Product Characterization Syste

Home 1 New System Message Save Criteria Load Favorite ~ Manage Criteria

Item Basket (0) kgallo@usgs.gov ~ i) Feedback Help

Search Criteria | IDaia Sets|

2. Select Your Data Set(s)

Check the boxes for the data set(s) you want to search
When done selecting data set(s), click the Additional

Search Criteria Summary (Show) Clear Criteria

(41°19°05"N,096°04'35"W)} Options  Overlays

{ 34 MINNESOTA
Criteria or Resuits buttons below. Click the plus sign 3 A N

next to the category name to show a list of data sets

Use Data Set Prefilter (ahats This?)

Data Set Search

= GOES-R
= ABl

© & simuiated GOES-R ABI (5/302013-6/3022013)

= Landsat Archive [J

@ & Landsat Surface Reflectance -
& Landsat Surface Reflectance -
© [ Landsat Surface Reflectance -

= NASA LPDAAC Collections (MODIS)
+ MODIS Vegetation Indices.
+ MODIS Land Surface Reflectance
= VIRS
I NASA
3 NOAA

NNE RIVER
SERVATION

SOUTH
DAKOTA
L8 OLUTIRS
L7ETMs
L4-5TM

ROSEBUD INDIAN
RESERVATION

NEBRASKA

|
Map data 82017 Google Imagery ©2017 TerraMetrics | S0kmi—— 1 Terms of Use | Report 2 map error
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Search, Inventory and Ordering

LPCS User Requirements Database

Organization Mission Instrument Variable Product Name Spatial Coverage Spatial Scale Temporal Coverage Temporal Scale Validation Sites List
Current
USGS/NASA Landsat Landsat 4-5 SR Landsat Surface Reflectance L4-5TM Global 30m Daily (AM local time)
USGS/NASA Landsat Landsat 7 SR Landsat Surface Reflectance L7 ETM+ Global 30m Daily (AM local time)
USGS/NASA Landsat Landsat 8 SR Landsat Surface Reflectance L8 OLI/TIRS Global 30m Daily (AM local time)
° NASA EOS MODIS NDVI/EVI MOD13A1 Vegetation Indices 16-Day L3 Global 500m Global 500m Daily (AM local time)
3 La n Sat S R p ro u Cts NASA EOS MODIS NDVI/EVI MOD13A2 Vegetation Indices 16-Day L3 Global 1km Global 1000 m Daily (AM local time)
NASA EOS MODIS NDVI/EVI MOD13A3 Vegetation Indices Monthly L3 Global 1km Global 1000 m Daily (AM local time)
NASA EOS MODIS NDVI/EVI MOD13Q1 Vegetation Indices 16-Day L3 Global 250m Global 250m Daily (AM local time)
® 1 6 M O D I S S R a n d N DVI NASA EOS MODIS NDVI/EVI MYD13A1 Vegetation Indices 16-Day L3 Global 500m Global 500 m Daily (PM local time)
NASA EOS MODIS NDVI/EVI MYD13A2 Vegetation Indices 16-Day L3 Global 1km Global 1000 m Daily (PM local time)
NASA EOS MODIS NDVI/EVI MYD13A3 Vegetation Indices Monthly L3 Global 1km Global 1000 m Daily (PM local time)
[ ] S a m p I e V I I RS NASA EOS MODIS NDVI/EVI MYD13Q1 Vegetation Indices 16-Day L3 Global 250m Global 250m Daily (PM local time)
NASA EOS MODIS SR MODO09A1 Surface Reflectance 8-Day L3 Global 500m Global 500 m Daily (AM local time)
. NASA EOS MODIS SR MODO9GA Surface Reflectance Daily L2G Global 1km and 500m  Global 500 m Daily (AM local time)
° S Imu I a te d G O E S_ R A B I NASA £0S MoDIs SR MODO09GQ Surface Reflectance Daily L2G Global 250m Global 250m Daily (AMlocal time)
NASA EOS MODIS SR MOD09Q1 Surface Reflectance 8-Day L3 Global 250m Global 250m Daily (AM local time)
NASA EOS MODIS SR MYD09A1 Surface Reflectance 8-Day L3 Global 500m Global 500 m Daily (PM local time)
NASA EOS MODIS SR MYDO9GA Surface Reflectance Daily L2G Global 1km and 500m  Global 500 m Daily (PM local time)
NASA EOS MODIS SR MYD09GQ Surface Reflectance Daily L2G Global 250m Global 250 m Daily (PM local time)
NASA EOS MODIS SR MYD09Q1 Surface Reflectance 8-Day L3 Global 250m Global 250 m Daily (PM local time)
F u t u re NOAA GOES-R ABI NDVI Simulated TOA NDVI CONUS 2222m 31 May, 3June, 26 Jun 1800, 1900, 2000 UTC
—— NOAA S-NPP VIIRS NDVI Sample VIIRS Vegetation Index SW CONUS 500 m 30 May - 29 June 2013 Daily (PM local time)
NASA S-NPP VIIRS NDVI Sample VIIRS Vegetation Index SW CONUS 488 m 31 May, 3June, 26 Jun Daily (PM local time)
NASA EOS MODIS land cover MCD12Q1 Land Cover Type Yearly L3 Global 500 m SIN Grid Global 500 m Annual
NASA EOS MODIS LsT MOD11A1 LST and Emissivity Daily L3 Global 1 km Grid SIN Global 1000 m Daily (AM local time)
[ ] V I I RS NASA EOS MODIS LST MYD11A1 LST and Emissivity Daily L3 Global 1 km Grid SIN Global 1000 m Daily (PMlocal time)
O G O E S- R A B I USGS/NASA Landsat Landsat 8 Albedo TBD
USGS/NASA Landsat Landsat 8 LST TBD
= NOAA GOES-R ABI TBD TBD
® Se n t | n e I 2 NOAA GOES-R ABI T8D T8D
NOAA GOES-R ABI TBD TBD
. NOAA GOES-R ABI TBD TBD
L4 Se ] t ine I 3 NOAA S-NPP VIIRS TBD TBD
NOAA S-NPP VIIRS TBD TBD
=) =) NOAA S-NPP VIIRS TBD TBD
[ ] t NOAA S-NPP VIIRS TBD TBD
I n S I u NASA S-NPP VIIRS TBD TBD
NASA S-NPP VIIRS TBD TBD
NASA S-NPP VIIRS TBD TBD
NASA S-NPP VIIRS TBD TBD
ESA Sentinel-2  MSI TBD TBD
CRN insitu TBD TBD
SURFRAD insitu TBD TBD
AERONET insitu TBD TBD
EOS Land Corein situ TBD TBD

Currently available in LPCS

Included data sets not
arbitrary. Penrabe sl



Search, Inventory and Ordering

USGS-NOAA validation synergy

USGS Requirements
« Landsat ECVs

Processing Data into Information USGS ECVs
-Albedo
Validation -Land Cover
Evaluation
-LAI
Essential
P -Surface Water
-Snow/Ice

*Fire disturbance
LST




USGS-NOAA validation synergy

Several products of
mutual interest
(e.g. GOES-R ABI)

KEY
ABI Suvi EXIS
GLM SEISS MAG

ABL Advanced Baseline Imager
SUVL Solar Ultraviolet Imager

EXIS: Extreme Ultraviolet and X-ray
Irradiance Suite

GLM: Geostationary Lightning Mapper
SEISS: Space Environment In-Situ Suite

MAG: Magnetometer

BASELINE PRODUCTS

Aerosol Detection (Including Smoke and Dust)

Aerosol Optical Depth (AOD)

Volcanic Ash: Detection and Height

Cloud and Moisture Imagery

Cloud Optical Depth

Cloud Particle Size Distribution

Cloud Top Phase

Cloud Top Height

Cloud Top Pressure

Cloud Top Temperature

Hurricane Intensity

Lightning Detection: Events, Groups & Flashes

Rainfall Rate / QPE

Legacy Vertical Moisture Profile

Legacy Vertical Temperature Profile

Derived Stability Indices

Total Precipitable Water

Clear Sky Masks

Radiances

Downward Shortwave Radiation: Surface

Reflected Shortwave Radiation: TOA

Derived Motion Winds

"I;lFe?H_ot Spot Characterization z
and Surface Temperature (Skin

Snow Cover

Sea Surface Temperature (Skin)

Energetic Heavy lons

Mag. Electrons & Protons: Low Energy

Mag. Electrons & Protons: Med & High Energy
Solar & Galactic Protons

Geomagnetic Field

Solar Flux: EUV

Solar Flux: X-Ray

Solar Imagery: X-Ray

OPTION 2 PRODUCTS

Aerosol Partical Size

Aircraft Icing Threat

Cloud Ice Water Path

Cloud Layers/Heights

Cloud Liquid Water

Cloud Type

Convective Initiation

Enhanced "V" / Overshooting Top Detection
Low Cloud and Fog

Tropopause Folding Turbulence Prediction
Visibility

Probability of Rainfall

Rainfall Potential

Absorbed Shortwave Radiation: Surface
Downward Longwave Radiation: Surface
Upward Longwave Radiation: Surface
Upward Longwave Radiation: TOA
Ozone Total

S02 Detection

Flood/Standing VWater

Ice Cover

Snow Depth (Over Plains)

urface Albedo -

Qllffﬂm Em§ §NE¥ :

-

[_Vegetation Fraction: Green >

A

(legetationindex =
Currents

Currents: Offshore

Sea and Lake Ice: Age

Sea and Lake Ice: Concentration

Sea and Lake Ice: Motion




USGS-NOAA validation synergy

Several products of
mutual interest
(e.g. VIIRS)

H MISSION AREAS

[2] Atmosphere [ Climate

[] Lana [d ©ocean

k] space Enviranment

NPOESS Certified Program - 38 I0RD EDRS

(TBD) [] eLoun woumn water
PRECIPITATION TYPERATE SEM
kA PRECIPITABLE WATER ' (5)
ALBEGQ {SURFACE) o[ ] sEA SURFACE WINDS A
[ Lo naze RIGHT 3 - [ cLOUD ICE WATER PATH | E Al W
[ cLoup covertAvERs loo Surtace TompRRAD |, ¥ 1ace Wind Stress ! Auroral Energy Depositon (Deg)
[AcLovnerrecveparTsize o ] ycery | [_]Energetic lons (Deg)

!
[f] TOTAL WATER CONTENT |
A i

| Med Energy Chgd Parts (Deg)
|| Supra-Themm-Aurora Prop {Deg)

* Final MIS EDR= wil
b determined alter

MIS selection
(Deg indicates degraded performance) OMPS-N
Undedingd = NPP EDRs (24) 05 October 2006 ™
KEY © = NPOESS Hey Performance Paramaters DOC, NOAA, NESDIS,
Il alod Program Dffecs
BOLD CAPS = LRD Environmentsl Data Records M. Bonaccena M 1 (e
D. Steckion J. \Whigams




Search, Inventory and Ordering

Search for Landsat 8 data for comparison with GOES-16 ABI

data for severe hail event in S. Dakota (June 2017).

LPCS

Land Product Cara;:l;erlzatlan System

Once
inventory of

nd Product Characterization System (LPCS)

Home 1 New System Message Save Criteria Load Favorite

Manage Crit

USGS Home
Contact USGS

Itemn Basket (1) kpallo@usgs.gov ~ i) Feedback Help

Search Criteria Data Sets Additional Criteria Results

o
. 4, Search Results

prO Vlded, If you selected more than one data set to search, use

the dropdown to see the search results for each specwﬁc

users Can iitiwsslsull Controls v
view browse P TR :

° To order Surface Reflectance products, click the Order Scene icon for the

Im ages an d desired scenes. Go to the tem Basket (top toolbar) or View ltem Basket
see

Order to initiate the processing for Surface Reflectance products. For more

information on these data products, see https /landsat usgs govilandsat-

snce-high-level-dats-products.

v
Displaying -2 of2 @

1D:LC08_L1TP_030029_20170628_20170714_01_T1

Acquisition Date:28-JUN-17

Path:30

Row:2%

Fdd /HO

1D:L.CO3_L1TP_020029_20170621_20170630_01_T1
Acquisition Date:21-JUN-17

Path:29

Row:2g

Hdd WO

v

(below result list) to review order. Select Proceed to Checkout then Submit |

Search Criteria Summary (Show) Clear Criteria

Options 0

ING ROCK
ESERVATION
o

CHEVENNE RIVER
RESERVATION

SOUTH
DAKOTA

BUD
LB R ¥ OFF-RESERVATION
| . TRUSTILAND

Map data ©2017 Google Imagery 82017 TemaMetrics | 50km —  Terms of Use | Repart & map emar
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Search, Inventory and Ordering

Search for Landsat 8 data for comparison with GOES-16 ABI
data for severe hail event in S. Dakota (June 2017).

.... select
scenes for
further
processing.

LPCS @ = by o® p—
S scie g - Contact USGS
Land Product Characterization System Search USGS

Land Product Characterization System (LPCS) Page Expires In1:58:10 C
il Feedback Help

Itemn Basket (1) kpflo@usgs.gov ~

Home 1 New System Message Save Criteria Load Favorite * Manage Criteria

Search Criteria Data Sets | Additional Criteria Results Search Criteria Summary (Show) Clear Criteria

4, Search Results

If you selected more than one data set to search, use
the dropdown to see the search results for each specwﬁc
data set

Options 0

Show Result Controls =
Data Set
L3 OLITIRS C1 Higher-Level b
To order Surface Reflectance products, click the Order Scene icon for the
desired scenss. Go to the Item Basket (fop toolbar) or \Visw ltem Basket ING ROCK
(below result list) to review order. Select Proceed to Checkout then Submit | RVATION

Order to initiate the processing for Surface Reflectance products. For more I
information on these data products, see https /landsat usgs govilandsat-

surface-reflectance-high-level-dats-products.

T ENNE RIVER

RVATION

Displaying 1 -2of2 @ :
ID:LCO3_L1TP_030029_20170628_20170714_01_T1
Acquisition Date:28-JUN-17

Path:30 SOQUTH
1 Row:2g DIAKOTA
Fi{d /HO

1D:L.CO3_L1TP_029029_20170621_20170630_01_T1
Acquisition Date:21-JUN-17 BUD.
Path:29 B N ¥ OFF-RESERVATION

- W% TRUST/LAND,
Row:2g%

Hdd WO

v

Repart 2 map ermor

[ . Map data ©2017 Google Imagery 82017 TemaMetrics | 50km s Terms of Use
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Search, Inventory and Ordering

2017 Highlight.... seamless handoff of data from inventory/ordering to

processing system.

USGS Home
Contact USGS
Search USGS

Land Product Char:

System (LPCS)
Item Basket (2) kgallo@usgs.gov ~ i) Feedback Help

Home 1 Mew System Message

| Flease Mote: This page will expire at 12:47:28 PM CDT. Once expired, you will be logged out and your order may be lost. |

To complete your order click on the "Select Processing Options” button at the
bottom of the page. You will be taken to the ESPA website to complete your order.

Clear All

Order
[« L8 OLITIRS C1 Higher-Level (2)

@ Remove All Scenes

ID: LGOS _L1TP_030029_ 20170628 _20170714_01_T1
Acquisition Date: 23-JUN-17

Path: 30

Row: 29

RS COLLECTIONS LAND SURFACE REFLECTANCE ON-DEMAND v

~

Product: | L2 OLI/
Options: Mone
Output Media: DVWHNLD

ID: LCO8_L1TP_029029_20170621_20170630_01_T1
Acquisition Date: 21-JUN-17

Path: 25
Row: 29

COLLECTIONS LAND SURFACE REFLECTANCE ON-DEMAND v

,, —
Clear ltem Ba@l | | Select Processing OpﬁorD
N ——

Product: | L2 OLI/
Options: MNone
Output Media: DVWHLD




Custom Processing

Surface Reflectance

Higher Level Products

Choose hlgher level Top of Atmosphere Reflectance
products from selected Brightness Temperature
data. Additional ECVs Felas

and CDRs will be added

to menu as available.

Customize Qutputs

Customization Options

Qutput Format * GeoTiff ENVI HDF-EQS2 MetCDF
Reproject Products

Modify Image Extents

Pixel Resizing

Intercomparison & Statistics

Plot Qutput Product Statistics

% USGS 3 s @ USGS Home
L ‘& Contact USGS

science for a changing world “ g '
Search USGS

Land Product Validation System &

arth Resources Observation and Science (EROS) Center

and Product Validation System (LPVS) Home




Customize Outputs

Custom Processing

Customization Options

* GeoTiff ENVI HDF-EOQS2 NetCDF

Define Output Products
Product Customization

Geographic

-180.0to Sinusaidal ian
1. Several Output formats S0t L sranasrd parallel
90.0t0 2900 2nd Standard Parallel
{ . any float (e.g. 0.0) False Easting
2. Auto-registration of data to e Falee Northing
map projections Wese4  v|  Datum

3. User defined area of interest @ redify image Extents

® Decimal Degrees Meters
. . . -180.0 to 180.0 Upper left X coordinate
4. Defined pixel size for all |
-90.0to 90.0 Upper left ¥ coordinate
Images (30 - 5000 m) -180.0 to 180.0 Lower right X coordinate
-90.0to 90.0 Lower right ¥ coordinate

5. Several resampling options @

30.0 to 5000.0 Meters

@_.Fi.e_s.@_m.l:z.l.@_._mgth_g_q_;_ Nearest Neighbor [«
MNearest Neighbor
Bilinear Interpolation
Cubic Convolution

Intercomparison & Statistics

) Plot Output Product Statistics




Customize Outputs

Custom Processing

'® GeoTiff ' ENVI ' HDF-EOS2 | MNetCDF

Basic Analysis Tools

Projection:

Albers Equal Area
Albers Equal Area
Universal Transverse Mercator
Geographic

-180.0 to | Sinusoidal

Polar Sterengraphic

1. Product charts and tables

,m T d Parallel
[-90.0t0 90.0 | 2nd Standard Parallel
|an1.-' float (e.g. 0.0) | False Easting

|an1.-' float (e.g. 0.0) | False Morthing

WGES 84 v Datum

¥/ Modify Image Extents

'® Decimal Degrees ' Meters

|-130.0 to 180.0 | Upper left X coordinate
|-9I}.0 to 90.0 | Upper left ¥ coordinate
|-1BU.D to 180.0 | Lower right X coordinate
|-9[}.0 to 90.0 | Lower right ¥ coordinate

¥/ Pixel Resizing

30.0 to 5000.0 Meters

Resample Method: | Nearest Neighbor v |

@ Intercomparison & Statistics

) Plot Qutput Product Statistics




Custom Processing (summary)

Input products: resized,
remapped.

Output products: images,
charts, and tables.

Example Input Products

GOES-16 ABI

¥

TOA Refl.

Simulated GOES-R ABI

Pixel Resizing

Landsat ETM+ (7),

MODIS MOD/MYDQ9 (Surface Refl )

Landsat OLITIRS (8) MODIS MOD/MYD13 (NDVI & EVI)

\/

Surface Refl.

./

Output Products

Reproject

\

Surface Refl.

Tables and charts provided for individual bands or indices

A ] c o E F G
DATE Do MINIMUM MAXIMULMEAN  STDDEV  WALID
T304 183 ass 350 3561327 €93.2124 yes
7/3/2014 184 M9 004 2836511 4953851 yes
bEE it o) ATB0 MIEHS 4933031 yes
/6 M4 187 8 AT JESLOSD 5752196 yes
7js/2m14 190 1% 5453 1545954 6584303 yes
14/ e 195 191 TITE MISATST  GBEATY yes
18/ 014 15 1253 5621 M55974 S8L.TMT yes
13/2004 200 43 SI8S 264397 3935594 yes
W aoi e m Ak BT JBARME  GULITI yes
7/26/2014 07 309 5166 M51574 3766008 you
1) 08 457 4713 DAGRISG 4657057 yes

Minimum, maximum,
deviation values

mean and standard

EL) s i 1% el £ e
Doy ot Toar (20143 [rrn—

MNeardR time series inter-comparisons
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Analysis Tools

Output products include
several charts, e.g., sensor
values vs. time.

—o— Aqua ) ( o L8 ) f-o— Terra‘

\

o
©

o
[

o
-~

o
o

o
IS

Multi Sensor SR NIR - Mean
o
(%)

o
w

o
)

0.1

0.0

Mar 2015 Apr 2015 May 2015 Jun 2015 Jul 2015 Aug 2015 Sep 2015 Oct 2015
Date

EOS Land Validation Core Site: Konza Prarie, KS USA

Near-IR Surface Reflectance (Aqua/MODIS, L8, and
Terra/MODIS.
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Analysis Tools e — ——

=
o

I
0

o
©

(=}
~

o
o

S
n

(=]
w
i
o
®
;:n
o

Multi Sensor SR NIR - Mean
o
wn

o

¥
o

q

0.1}

0.0

Mar 2015 Apr 2015  May 2015 Jun 2015 Jul 2015 Aug 2015 Sep 2015 Oct 2015
Date

DATE DOY MINIMUM MAXIMUM MEAN  STDDEV VALID
Tables provided Wlth additional 3/5/2015 64 197 3348 2211.75 254.2622yes
. : 3/21/2015 80 86 3435 2260.46 283.6276yes
data for more intensive analyses. 4/22/2015 112 101 4456 2682.246 360.7378yes
6/9/2015 160 516 4847 3641.673 371.7797 yes
6/24/2015 175 1277 4368 3162.141 323.418yes
7/12/2015 193 663 4415 3224.323 336.7476yes
7/24/2015 205 287 5333 3163.501 368.4334yes
8/12/2015 224 124 6987 3704.659 588.8336yes
8/13/2015 225 284 5263 3203.423 390.1365yes
8/26/2015 238 559 6009 4057.752 385.2751yes
10/14/2015 287 173 3287 2207.415 260.9021yes
10/15/2015 288 257 4663 2723.466 392.9907 yes
10/18/2015 291 676 4266 3021.147 584.0373yes
10/19/2015 292 281 3474 2223.977 311.7263yes

10/25/2015 298 280 3102 2286.152 303.9241yes



Analysis Tools

LPCS also provides as output products georegistered images of input images for
additional analysis (same map projection, cell size, etc., as defined within product
customization).

Simulated GOES-R ABI VIIRS Landsat 8
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Land Product Characterization System (LPCS)

Path Forward
1. Status and Readiness
2. CEOS LPV collaboration



LPCS Status and Readiness

https://landsat.usgs.gov/Ipcs

Public Release: February 2017

Includes a Landing
Page and
Tutorial

Home About Landsat Products Science Tools Cutreach FAQs Gallery

The National Oceanic and Atmospheric Administration (NOAA) and the U.5. Geological Survey (USGS) Earth Resources Observation and Science (EROS) Center are

collaborating on the development of a Land Product Characterization System (LPCS) that will facilitate the application of mult-satellite and in-situ data for
characterization and validation of satellite-derived land-related products (e.g., Surface Reflectance, Normalized Difference Vegetation Index, and Land Surface
Temperature). The system is designed to utilize data and products available and anticipated from the Landsat 8, ESA Sentinel-2 and -3 series of satellites, and other
relatively high and medium resolution sensors, to assist in validation of GOES-16 Advanced Baseline Imager (ABl) and Suomi National Polar-orbiting Partnership (5-

MNPP)/Joint Polar Satellite System (JPSS) Visible Infrared Imaging Radiometer Suite (VIIRS) land products. Although initially designed to assess ABl and VIIRS land

products, any of the sensor data or products included in the LPCS can be included in the products requested for comparative analysis with any of the other

products available within LPCS.
The LPCS includes data inventory, access, and analysis functions that will permit the currently included land products to be easily identified, retrieved, co-

registered, and compared statistically through a single interface. Ourput products from LPCS include graphics (charts) and tabular data, and georeferenced images

of all sensors selected for analysis within LPCS. The LPCS functionality, and data sets available for analysis, are continually evolving. Full functionality within LPCS is

currently limited to several Landsat and MODIS data products; however, placeholders are included for GOES-16 ABland VIIRS products.

LPCS % "%

Land Product Characterization
System

The land science community is encouraged to utilize the current LPCS capabilities, and is invited to provide feedback for future enhancements in the development
of the LPCS. First-time users are recommended to review the below LPCS Tutorial that provides step-by-step guidance through the data searching criteria,

advanced processing options, and output products. The LPCS User Guide provides detailed information related to the system features and functionality.
Access LPCS - direct access to LPCS,

LPCS Tutorial - provides step-by-step example of ordering data products through LPCS.

LPCS User Guide - provides impartant information about LPCS products and services.

User Feedback Form - provide input and feedback about searching portals, data products, and services.

Contact User Services - contact us with questions about LPCS.



Future
LPCS Status and Readiness

ﬁf “

: o
Introduction of future data sets and .
GnG/ySIS tOO/S Wlth'n LPCS are planned, European)SpaceAgency

(ESA) Sentinel-2

however, timing dependent on
additional resources.

Landsat 8

Surface Radiation
Budget (SURFRAD)
Network

The EOS Land
Validation

Joint Polar Satellite System NOAA-NASA Geoslationary Co re Sites
(JPSS) Visible Infrared Imaging Operational Environmental
Radiometer Suite (VIIRS) Satellites - R Series (GOES-R)




CEOS LPV collaboration

LPCS proposed/accepted as CEOS-LPV Online Validation Tool.
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CEOS-LPV 5-Year Roadmap

<2016 2017 2018 2019 >2020

> Operational Validation Framework: Land Product Characterization System > (Lead Agencies: USGS/NOAA)

> Albedo, Burned Area, & LST Protocols > Phenology, ET, & Soil Moisture Protocols > (Lead Agency: NASA)

> CEOS Carbon Actions 7/8 >> Biomass Protocol > (Lead Agencies: NASA/ESA)

]
> ‘(-, sn :Ju)pll

> WGCV Atmospheric Correction Intercemparison Exercise (Lead Agency: ESA)

>> ECV protocols and procedures for Snow ECV > (Lead Agency: ESA)

> Atmospheric Correction and VI Protocols > (Lead Agencies: ESA/NOAA)

mEEneon % s = JECAM >

> Field Campaigns and IOPs g

New Missions -

A’ w W

)
Visiomn

(—
R

All missions
support

validation &
validation is

on-going

Uncertainty
information
determined
through
standard
practices &
protocols

Algorithms
are iteratively
improved
based on
validation
results

B
iy

Blomass

Sustained Missions
sentinel-2a/b| G sentinel-3a -——-- B < T U S — » A sentinel-ic
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CEOS LPV collaboration

Albedo (MODIS MCD43A3) added to LPCS (limited capabilities) as
requested by CEOS-LPV.

“\ : '
™ LAN]j PROCESSES DISTRIBUTED ACTIVE ARCHIVE CENTER
Home About¥ DatasetDiscovery ¥ Citing OurData Tools ¥ User Resources ¥ User Services v Site v Login with URS

I Home = MODIS = MODIS Products Table > MCD43A3

Albedo 16-Day L3 Global 500m

MCD43A3

The MODerate-resolution Imaging Spectroradiometer (MODIS) Albedo product
(MCD43A3) provides 500-meter data describing both directional hemispherical
reflectance (black-sky albedo) and bihemispherical reflectance (white-sky albedo)
The MCD43A3 product contains 16 days of data provided in a level-3 gridded data
set in Sinusoidal projection

Both Terra and Aqua data are used to generate this product, providing the highest
probability for quality input data and designating it as an MCD, meaning Combined
product

Version-5 MODIS BRDF & Albedo products have attained Validation Stage 3

Change Points of Interest

500m product now available

Quality information stored as a separate product (MCD43A2)

Reduced file volume: internal compression

Phased production strategy: Produced every 8 days with 16 days of
acquisition (i.e., production period 2001001 includes acquisition between Days
001 and 016, production period 2001009 includes acquisition between Days

.

009 and 024) This is a representation of the first of the three
« More: Collection 005 Change Summary for MODIS BRDF/Albedo (MCD43) model parameters used to reconstruct surface
Algorithms (PDF anisotropic effects and correct directional

reflectences to a common view geometry, or to
compute integrated albedos. The colors
describe isotropic weighting parameters for
data acquired between February 26 and March
13, 2001 over Central America, including the
Yucatan Peninsula, EI Salvador, Honduras
Nicaragua, and some of Costa Rica (h09v07)

SO version 005




CEOS LPV collaboration

Additional analysis tools recommended by CEOS-LPV are under review for
addition to LPCS.

:;';'I.

v 2 o i) ’
i . st ‘ ¥ _-' [
fﬁm PROCESSES DIS.%'RIBUTED ACTIVE ARCHIVE CENTER
Home | Abouty DatasetDiscovery ¥ Citing Our Data User Resources ¥ | User Services ¥ Site ¥ ||Se

#% Home > Tooks > LDOPE Tools

LDOPE Tools

The Land Data Operational Products Evaluation (LDOPE) facility, collocated with
the MODIS Adaptive Processing System (MODAPS) at the Goddard Spaceflight Download
Center (GSFC), is responsible for the overall coordination of the QA activities in

support of the MODIS Science Team Flease log in o download files.

LDOPE develops and maintains a number of software tools designed to
manipulate, visualize, and analyze MODIS data. A subset of LDOPE QA tools is
available to the user community to help parse and interpret the QA Science
Dataset (SDS) layers. Written in C. they are executed either from the command-
line or invoked via scripts. These tools, numbering about two-dozen, are provided
as command-line executables and source code. Previously, a number of platforms
were supported. The new release (version 1.7) consolidates the availability of the
software in Windows, Linux and Mac OSX operating systems. While the User
Manual is in the process of being updated, a shorter set of instructions is available
to help users install the tools and get started. The syntax descriptions and
examples provided in the User Guide are still valid, and users are advised to
consult them for further insight

No distribution or re-use constraints associated with this software exists. Users and P‘j Installation Instructions for LDOPE Tools
developers using or modifying this software should credit the original authorship for 4 L2G_Lite_Tool_Do¢

these fools. Please acknowledge the use of these tools, including use of significant ~ [d] Comp_SDS Diff Tool Doc

code fragments taken from the source code, with a sentence such as “Software

tools provided by the MODIS land quality assessment group (Roy et al. 2002)"

Roy, D.P., Borak, J.S., Devadiga, S., Wolfe, R.E., Zheng, M., Descloitres, J., 2002, The MODIS Land Product Quality Assessment
Approach, Remote Sensing of Environment, 83, 62-76.



Example Input Products

Summary
A web-based system designed wmm e Ol MO s o
: . v '
for comparative analysis of .
2 . NE T -
global satellite higher-level land '
products.

Pixel Resizing

e Search, Inventory & order
data Output Products

« Advanced processing 22 s

e Basic analysis

e Qutput charts, images, &
tables

199 150 3621 MSSOM 68 yos
200 M1 5165 264197 9L yes s

201 404 BT 26ALTME G9LIT2 yes ay Loty

207 309 5266 MSI5M 176.6008 yes -
208 457 ATID 2462386 445.7057 yes R

Minimum, maximum, mean and standard
deviation values

C- oy of Toar (2014}

Near-IR time series inter-comparisons

 PCs %

Land Product Characterization L EEE 32
System = S




Questions?

LPCS % "% &¥) . SiTEE https://landsat.usgs.gov/Ipcs

Land Product Characterization : Ei; f 33
System —
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NASA Land Science Team Status

Miguel Roman (NASA GSFC)
Chris Justice (UMCP)
with contrlbutlons Oom:

The Terra/A\u% o i-N " and Discipline Team

NASA’s Dlsastei[kg\ espC

‘\-
"

STAR JPSS NCWCP _
8/17/2017 (13:55-14:15)
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S-NPP VIIRS Land Discipline Website (http://viirsland.gsfc.nasa.gov/)
and associated pageviews per month (since Dec, 2013).



http://viirsland.gsfc.nasa.gov/

Products

Surface Reflectance

Validation

Publications

LAI/FPAR Vv Underway Vv Vv Summer, 2017
Snow Products Vv v Vv v Summer, 2017
MAIAC Pending Pending Summer, 2017 Summer, 2017 Summer, 2017
BRDF/Albedo v Underway Vv N4 Summer, 2017
Burned Area Pending Pending Summer, 2017 Summer, 2017 Summer, 2017
Active Fires v v Vv v v
Vegetation Index v Underway Summer, 2017 Summer, 2017 Summer, 2017
LST&E v Underway v v Summer, 2017
Ice Surface Temp v Underway v v Summer, 2017
Sea Ice Cover Summer, 2017 Underway Summer, 2017 Summer, 2017 Summer, 2017
Phenology Vv Underway Vv Vv Summer, 2017
Black Marble Vv Underway Fall, 2017 Fall, 2017 Fall, 2017

v Completed Task;

S-NPP VIIRS Land Discipline Website (http://viirsland.gsfc.nasa.gov/)
and current schedule including key milestones.



http://viirsland.gsfc.nasa.gov/

Significant greening of 25 to 50% of the
Earth's vegetated lands was detected

nature
climate change

past 34 years.

: : : Change In Leaf Area (1982-2015) : : ——
This represents an increase in leaves | s e ees—————————— | [he increase was linked to the fertilization
on plants and trees equivalent in <0 <t s s s 58 effect from increasing concentration of

twice the are of the Continental USA. Percent carbon dioxide in the atmosphere.

R. Myneni, BU
Zhu et al., Greening of the Earth and its Drivers. Nature Climate Change, doi:10.1038/nclimate3004.
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"y VIIRS Active Fire Products Improve Global Estimates of Biomass Burning

LIS WS

”IRYU@
VIIRS can detect significantly more fire activity Global fire radiative power totals for 2015
compared to heritage MODIS fire products. showed that VIIRS can pick up as much fire
2015 JanD activity as two heritage MODIS instruments:
P = e (Terra/MODIS: 6.1x105 MW; Aqua/MODIS;

13.4x108 MW; S-NPP/VIIRS: 19.6x10% MW)

As a result, regions dominated by small
and low intensity fires (e.g., Southeast
Asia) are now becoming ever more
apparent — enhancing awareness of global
hotspots and improving carbon emissions
accounting.

FHETHELRE

140 —————— 140 1

-
N
o
=
N
o

100 A 100 A

o]
o
o]
o

()]
o
()]
o

S
=]
S
o

MGQCDIS FRP Percentage
MGQGDIS FRP Percentage

N
o
N
o

o
!
o
'

MODIS  VIIRS MODIS  VIIRS

Africa South East Asia

Credit: W. Schroeder & L. Giglio / UMD
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N@ASA JIPL. MODIS Detects Rising Temperatures and Heat Wave Trends in Cities

MOD21 Daily average heatwave LST (2003-2016)

" Urban Hotspots
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ocean ‘
moderating effect %

O

1. Central LA on temperature i

2, Westside during heat __+O h
3. South Bay waves -

4. SouthLa - 1§

5. Eastside

6.  NortheastLA

7. Verdugos

3. San Fernando Valley

9. Santa Monica Mnts
10. San Gabriel Valley
11. PomonaValley
12. Southeast

13. TheHarbor

14. North County

15. South County

16. Beachcities

Hotspots lie in industrial
complexes and lower
income communities

1 1 1 1
80 a2 84 86 88 20 92 94 96

Land Surface Temperature (LST) [OF]

A

New MODIS surface temperature data can pinpoint
current and future communities that are most
vulnerable to the detrimental effects of heat waves.
These satellite products are helping guide efforts to
advise local governments on effective climate
adaption and mitigation strategies.

98

I 140
Watts 22

I 136
89

Downtown_LA

I 122
78

El_Sereno

PR I 121
Baldwin_Hills 72

I 112
Sunland 66

I 111
71

Porter_Ranch

I 108
Eagle_Rock 69

B @2050 60 80 100 120 140 160
@2015 Number of Days above 105 F

A Currentand predicted days above
105° F in Los Angeles, CA based on the
refined MODIS Land Surface Temperature
product suite. All regions were predicted to
warm, with inland areas warming faster
than areas near the coast.



N(fq% JPL Desertification monitoring with a new MODIS/VIIRS thermal
infrared emissivity product

MODIS-observed Emissivity, Jornada Experimental Range, New Mexico
0.8

o0
07_ QO
. o

OO

e
[}
T

Normalized Emissivity

MODIS emissivity and NDVI mean monthly time-series at the Jornada
Experimental range from 2001-2006. MOD21 emissivity values show a
distinct decreasing linear trend due to land degradation (increased soil
exposure) from 2001-2004 followed by a recovery due to more
controlled grazing from 2004-2006. Corresponding NDVI results show
no seasonal cycle and insignificant linear trends.

Normalized NDVI

Objective: Develop a new land surface
temperature and emissivity product using
MODIS/VIIRS thermal infrared data that
improves our ability to detect changes in land
cover/use.

Finding: The new MOD21 emissivity product
increased sensitivity to land cover changes
from desertification (left image) in a more
consistent manner to complement existing
long-term time series of vegetation data.

Significance: Desertification in drylands at the
fringes of the world's major deserts has been a
prime environmental concern affecting the
livelihoods of millions of people on Earth. The
new MOD21 product will monitor desertification
in these regions with much greater sensitivity
than previously possible.

Hulley, G., Veraverbeke, S., & Hook, S. (2014). Thermal-based techniques for land cover change detection using a new dynamic
MODIS multispectral emissivity product (MOD21). Remote Sensing of Environment, 140, 755-765




Daily Global VIIRS

s Observations enables

so  Scientists to track the

so  timing and magnitude of
100 plant growth.

VIIRS also provides
accurate information
4 related to the timing of
. 220 €cosystem properties,
240 Which is important for
B 260 monitoring forests,
BN W 280 croplands, grazing lands,
\ &g‘*%{_ 0 and as input for modeling
5 ‘

e il 320 : :
U - Hw weather and biospheric
Start of growing season (in day of year) !:""'\y 0 Processes.

Who uses MODIS phenology products? (1) Farmers, ranchers, and meteorologists that

want to monitor drought extent and severity; (2) foresters that want to detect disturbances related to wind
damage, pests and disease outbreaks, and invasion of exotic species; (3) public health officials looking for
short-term forecasts of allergenic pollen; (4) scientists looking to improve weather and environmental models;
and (5) tourists and the travel industry with information on the timing and location of spring wildflowers
blooms or peak fall foliage.




MODIS/VIIRS, Landsat, and GOES Enable Daily Monitoring of
Crop Condition and Water Use

Landsat LAL (30m) Landlsat ET (30m) 2013 Yield
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Daily monitoring of vineyard water use and conditions for optimal grape management

Frequent observations at the field level are necessary for effective precision agriculture, which benefit local
farmers. Daily monitoring of crop condition and water use at fine scales has become possible by fusing
MODIS/VIIRS, Landsat and Geostationary data. These measurements are critical for decision making in
estimating crop yield, mitigating risks and ensuring food security.



m(%sA Disaster Risk Reduction and Response from a NASA Perspective

%

» Engagement with Stakeholders and Partners
 Monitoring and Observation

« Data Acquisition, Processing, and Distribution
* Interpretive and Decision Support

%
NASA Earth Science LN
NASA Applied SGiences Program | wawy.nasa.gov \n €
N A SA

Search Q
ORGANIZATION DISASTERS PRODUCTS RESOURCES

Recent Disasters
Hur 016

About the NASA -
Disasters Progf -

&

https://disasters.nasa.gov/
https://disasters.nasa.gov/argentina-summit-2017



https://disasters.nasa.gov/
https://disasters.nasa.gov/argentina-summit-2017

&' Disaster Response Capacities

 Airborne Instruments
e UAVSAR - Radar
e LVIS - Lidar
o AMS, MASTER - Thermal Infrared
» HIWRAP, APR2, HAMSR, HIRAD, PALS
MAPIR — Active and passive microwave

Shrevepart

 Data processing, analysis systems, Data Centers

» EOSDIS-ESDIS
« LANCE/NRT/DB

» Modeling and Analysis

w Orleans

* Flood and Earthquake Models,
Damage and infrastructure Maps,
Day/Night and plum extent maps

« Capacity Building
» Response Exercises & Simulations

11
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I T Coversige: 70K (240km + 42 f.L.J, &

- '_“1—— : . . Resolution: ~12m A e
' i i P s ---*HI[TE’*p'IIEIS DpeEndsand Floo ass s
- '-—._:i L =
- ._._--. 1 n_- 4 i“ﬁ [ I'l- #‘“'J-ﬂ-u:J-l-l-E_Jl r- .l-.f

- '-. - |i || Ill i'|1'I|J|' . --I—-
oy .,....l
T sharejplnasa; _L..u -.mm

Ml s @i

i

.'.i-\.
-

SO CHERRETEIL N L\
i‘i
g

: .
- FEMA stated that SAR provides inspection priority for ﬂptlca! imagery and ground response. | o _i I
e The ALOS-2 data and the products have been a very important source of information during ]
: ' . .= this response as the flood crest has moved down stream. The SAR data continue to be an _.:ﬁ"""
' . ._J"a' o .-} important resources during times when optical observations are often not useful. i
E-I:TIY}I s ? I . . Eg ¥ i el OB SRl e G
%'I-_"fl i TR Jeff Raberson/AP Photo




‘Wildfire Extent Chile and Argentina 2017
e L BETRERAE

Landsat 8 Operational Land Imager (OLI) Jerra”MODIS true color Wi Sit
“(January 24, 2017) Thermal Anomaly observatioﬁ’s d a_‘_ _

5 Seid e extent of Chileanfires:==
LS g - -
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Smoke spans aver a masswe swath as seen by the
CALIPSO’- -dayhmef orbrt track 28 January- 201?




Puerto Rico Goes Dark

PUERTO RICO

San Juan
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https://earthobservatory.nasa.qov/NaturalHazards/view.php?id=88796
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Summary

‘:-_-"‘

o At Year 5, the S-NPP Land Discipline team has met its mission
success criteria — (1) Provide continuation of the EOS

- measurements for at least 3 years; (2) Provide risk reduction for

\J%S'iq’ .and beyond. |

o The focus noWASn transition of EOS continuity products into
designated DAACs Dyalid-to-Late 2017.

. Contanéd e@i@@@om of UM@ue S-NPP capabilities (e.g., 375m Fire,
NASA Black Marble dﬁto ANCESNRIL and other decision support

Systems k) ™ \\‘ R ~ RN

»
|

27 \
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research that'can be ust é‘a'ioq_ antifyicel
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over time.
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CEOS/WGCV/LPV Update

Miguel Roman (NASA)
Miguel.O.Roman@nasa.gov

Tomoaki Miura (University of Hawali at Manoa)
TomoakiM@hawaii.edu
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POC: Hank Margolis

POC: Ferran Gascon
(WGCV-ACIX; 4 Focus Areas)

POC: Ivan Csiszar

= (4 Focus Areas)

EUMETSAT
POC: John Dwyer

.%m-ﬁ- T OF c‘»“’e’é&

POC: Alessio Lattanzio
(3 Focus Areas)

ZUSGS

science for a changing world 1 Focus Are a)

nel Land Cover Dynamics

?SilvaCa rbon

i IEEI Clobal Observatisn of Forest
L] P
| »

POC: Hongliang Fang
(1 Focus Area)

B JRC

EUROPEAN COMMISSION

POC: Nadine Gobron
(GCOS-TOPC;
1 Focus Area)

(LPV Chair + 5 Focus Areas)

(LSI-VC; WG-Climate;

Group First Name Surname
Chair Miguel Roman
Vice Chair Fernando Camacho
Secretariat Jaime Nickeson
Martin Herold
sietie! L EEtier Pontus Olofsson
Hongliang Fang
LA Oliver  Sonnentag
Nadine Gobron
ELREl Arturo Sanchez
' ' Gareth Roberts
Active Fire - Andrew  Edwards
Burn Area Luigi Boschetti
Zhuosen Wang
ElRbIFH e Alessio Lattanzio
Soil Moisture Michael Cosh
LST & Pierre Guillevic
Emmisivity Frank Goettsche
Jadu Dash
el Matt Jones
Vegetation Tomoaki Miura
Indices Swinnen Else
S Thomas Nagler
Laura  Duncanson
Biomass John Armston
Mathias Disney

Supporting Agency

Celliriis / Program
USA NASA
Spain ESA
USA NASA

The Netherlands GOFC-GOLD/ESA
USA NASA

China CAS

Canada IAI/NSERC
Italy JRC

Canada IAI/NSERC
UK EUMETSAT

Australia DCBR/B&NHCRC
USA USGS/NASA
USA NOAA/NASA

Germany EUMETSAT

VACANT

USA USDA
USA NOAA/NASA

Germany EUMETSAT
UK ESA
USA NASA
USA NOAA

Belgium VITO

VACANT

Austria ESA

USA NASA

USA NASA

UK ESA

Institution

NASA
EOLab
GSFC
Wageningen University
Boston University
CAS
University of Montreal
Joint Research Centre
Univ. of Alberta
Univ. of Southampton
Charles Darwin University
University of Idaho
UMD/NASA GSFC
EUMETSAT

USDA ARS
UMD/NASA GSFC
KIT
Univ. of Southampton
University of Montana
University of Hawali'i
VITO

ENVEO
UMD/NASA GSFC
University of Maryland
University College London



NOAA Contributions to LPV

« LPV focus area leads funded by NOAA — Vegetation Indices,
Land Surface Temperature

 Creates operational NDVI, Fire, Snow products

« NOAA Pls on the VIIRS Land Science team are developing and
validating VIIRS Environmental Data Records (EDRS)

EUMETSAT Contributions to LPV

e CEOS leadership —vice-chair of WG Climate
 Albedo focus area lead supported by EUMETSAT

e Sustained, Coordinated Processing of Environmental Satellite Data for
Climate Monitoring — SCOPE-CM - retrieval of satellite albedo from
gegostationary satellites from various agencies
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Pontus Olofsson (Boston University)

- Image classification errors
can greatly biased mapped
areas of land change —
also, “pixel-counting” in
maps is incompliant with
IPCC criteria reporting of
land change.

- CEOS-LPV is providing
guidance to implement
protocols for unbiased
estimation of area and
accuracy.

- NASA and other agencies
support development and
implementation of
estimation protocols.

Remote Sensing of Environment 148 (2014) 42-57

Contents lists available at ScienceDirect

Remote Sensing of Environment

journal homepage: www.elsevier.com/locate/rse

R Suming

Emvironment

Review

Good practices for estimating area and assessing accuracy of land change

Pontus Olofsson **, Giles M. Foody °, Martin Herold ¢, Stephen V. Stehman 9,
Curtis E. Woodcock *, Michael A, Wulder ©

* Department of Earth urid anrurlrrien[ Bus[urr University, 685 Commonwealth Avenue, Boston, MA 02215, UsA

® School of Geography, U of Ni University Park, Nottingham NG7 2RD, UK
© laboratory of Geo-Informarion Science and Remore Sensing. Wageningen University, Droevendaalsesteeg 3, 6708 Wageningen, The Netherlands
Depummnr of Forest and Natural Resources Management, State University of New York, 1 Forestry Drive, Syracuse, NY 13210, USA

*® Canadian Forest Service {Pacific Faresmry Centre), Nariral Resources Canada, Vicroria, BC 12 VAZ 1M5, Canada

@ CrossMark

BOSTON
UNIVERSITY

Remote Sensing of Environment 129 (2013) 122-131

Contents lists available at SciVerse ScienceDirect
Remote Sensing of Environment

journal homepage: www.elsevier.com/locate/rse

Making better use of accuracy data in land change studies: Estimating accuracy and

area and quantifying uncertainty using stratified estimation

Pontus Olofsson **, Giles M. Foody ", Stephen V. Stehman ¢, Curtis E. Woodcock ®

2 Department of Earth and Environment, Boston University, 675 Commonwealth Avenue, Boston, MA 02215, USA
b School of Geography, University of Nottingham, University Park, Nottingham NG7 2RD, UK
© Department of Forest and Natural Resources Management, State University of New York, 1 Forestry Drive, Syracuse, NY 13210, USA

SilvaCarbon

science for a changing world

Area and accuracy estimation of land change

Integration of remote-sensing and
ground-based observations for
estimation of emissions and removals
of greenhouse gases in forests

Methods and Guidance from the
Global Forest Observations Inuatwe "

GFO




Spatial and temporal sampling for global burned area validation
Luigi Boschetti (U Idaho, CEOS Land Product Validation Subgroup)

David P. Roy (South Dakota State)

Overall Accuracy
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Global
Deserts —
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Temperate Forest
Temperate Sav. |
Tropical Sav.
Tropical Forest —|
Mediterranean —|

Stratified Standard Error (SE) vs (]
Simple Random Sampling (SRS)

B

Rigorous design-based validation of global burned area products, in which reference data are
selected via a probability sampling design, is effective in reducing the standard errors of accuracy
and area estimators compared to simple random sampling.




”  Landsat-8
Sentinel-2a/b. =

Terra/Agua
(MODIS/MISR)
S-NPP (VIIRS)

Sentinel-3a/b (OLCI)!

https:/Iviirsland.gsfc.nasa.gov/iCampaigns.html
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SuperSwift Platform with:
(1) Soil moisture radiometer,
(2) Volcano payload,

(3) MALIBU







[ B ) MALIBU Campaign Status

 Ortho-rectified imagery @ BSRN Table Mountain (Nov 30, 16.)

« FAA approvals went through without a hitch — from flight request, to approval to
deployment in < 2 weeks! 5 in situ

o MODIS
o VIIRS
[Landsat&

Table Mountain

1 31 61 91 121 151 181 211 241 271 301 331 36l
DOY

Time Series plot from:
https://www.esrl.noaa.gov/gmd/grad/meetings/BSRN talks/P2 3 Crystal Schaaf BSRN validation 2016 v0.8.pdf



https://www.esrl.noaa.gov/gmd/grad/meetings/BSRN_talks/P2_3_Crystal_Schaaf_BSRN_validation_2016_v0.8.pdf

2017-2019 Work Plan

3.2 Progress on the implementation of the CEOS Strategy for Carbon Observations from Space

CARB-19: Land Q4 2017 [Summarize current list of validated WGCV
product validation land data products relevant to Carbon
listing and framework Strategy.

Document validation framework and
protocols

Provide guidance for online platform for
intercomparison of terrestrial carbon
products.




[Land Product Validation Subgroup

HOME DOCUMENTS PEOPLE LINKS

e CEOS/WGCV/LPV has

LPVY Focus Areas

The mission of the CEOS Land Product Validation (LPV) subgroup is to

completed listing of 11
Carbon-focused Varlables! LAI . .‘ =% coordinate the quantitative validation of satellite-derived products. The
. 2% T ¥ focus lies on standardized intercomparison and validation across products
total I n g 138 |an d p rOd u CtS Fapar .1y % 2 from different satellite, algorithms, and agency sources.
f o Fire/Burn Area k g~ . The sub-group consist_s of 9 Focus Area_s, with 2 co_-lea_ds re_sponsible for
ro m 1 1 C EOS Ag e n CI eS . Phenology C . each land surface variable (essential climate and biodiversity variables).

Vegetation Index

https://lpvs.gsfc.nasa.gov/ |EEs

Snow Cover

* O product categories are BRDF/Albedo

Soil Moisture Validation Stage - Definition and Current State Variable

I iSte d aS G C O S ESS e nti a.l LST and Emissivity Product accuracy is assessed from a small [mp cally < 30) set of EH;:F'?;WT

1 | locations and time periods by comparison with in-sifu or other suitable Phenology

Climate Variables (ECVs*) = i s R o

.| Product accuracy is estimated over a significant set of locations and
Subscribe! time periods by comparison with reference in situ or other suitable

CEOS VALIDATION HEIRARCHY

reference data. Spatal and temporal consistency of the product and Leaf Area Index

= LPV Focus Area maiiing lists. Choose from 2| o sistency with similar products has been evaluated over globally Burned Area
([ J 2 d t t the focus area pull-down menu. representative locations and time periods. Results are published in the
FOAQUCLT Categories are repressriaive locations
- Select Focus Area ¥
listed as GEOBON T

Uncertainties in the product and its associated structure are well
quantified from comparison with reference in situ or other suitable

reference data. Uncertainties are characterized in a statistically rigorous Land Cover
i k- . L way over multiple locations and ime periods representing global Albedo
conditions. Spatial and temporal consistency of the product and with
SS e n I a. I O |Ve rS I y similar products has been evaluated over globally representative Soil Moisture
Ipu:atmns and periods. Results are published in the peer-reviewed
itEratu re.

Validation results for stage 3 are systematically updated when new
product versions are released and as the time-series expands.

Variables (EBVs*). .




CARB-19: Land product validation listing

(Example #3)

Provides List of Products with
» Meta-data

e Contacts

 Links to Validation Reports
 Links to Data Centers

LPV Focus Areas

LAl LST/Emissivity Focus Area Products List

Fapar Emissivity

Fire/Burn Area Giobal Emissivity Chmatology, derived from Terra ASTER

Phenology Contact: Glynn Hulley
Institution: JPL

Vegetation Index Link to validation information

Land Cover
Land Surface Temperature
Snow Cover
Land Surface Temperature (LST) , derived from Terra ASTER
BRDF/Albedo Contact: Alan Gillespie
Institution: JPL
il Moisture
o oty Link to validation information
LST and Emi
References Land Surface Temperature , derived from Aqua AIRS
Contact: Joel Susskind
Products R
Institution: NASA
Lolaporation Link to validation information
Biomass
Land Surface Temperature (LST) , denved from ENVISAT
AATSR
Contact: EQ Helpdesi
Institution: ESA

Link to validation information

Land Surface Temperature , derived from Metecsat (MSG)
SEVIRI

Contact: Help Desk

Institution: LandSAF

Link to validation information

stration e —

and Validation

PEOPLE LINKE

Spatial Coverage: global

Temporal Coverage: 2000-2008

Spatial Scale: 100 m

Ti Scale: moan ay [2000‘2005_\'1'
|
|

Spatial Coverage: glcbal
Temporal Coverage: 2000+
Spatial Scale: 50 m
Temporal Scale: 16-day

Spatial Coverage: global
Temporal Coverage: 209

fporal Cove ?Jl'."—
Epatial Scale.g

Land Surface Temperature, derived from Suomi-NPP VIIRS
Contact: Yunyue Yu

Institution: NOAA

Link to validation information

Spatial Coverage: global
Temporal Coverage: 2012+
Spatial Scale: 750m
Temporal Scale: Daily

Land Surface Temperature and Emissivity

% EUMETSAT

Products and Tools

Products Description

User Tools
Quality Monitoring
Product Monitoring Gallery

Register

Description LST DSSF DSLF ALB

Land Surface Temperature

/r = :;?.,__‘
f PR

-~ =32

A ‘ “?{“L 3

=2Product Documentation
Documents:

@(Product User Manual)
®(Product Output Format)
N e(Validation Report)
T e{Algorithm Theoretical Basis Document)

=*Data Policy

<Introduction

*Product Description
2Algorithm Description

#Data Characteristics

2Product Uncertainties
2References

2Example of Product

=2User comments for this product

=+See the dependency diagram for this product

Algorithms Changes Record (LST)

2008/11/15 - 09:30 UTC
]
20 10 0 10 20 30 40 50 60 ©

Product Documentation
This product has operational status. It is documented in the Algorithm Theoretical Basis Document (ATBD), Product User Manual documer)
Format document (POF) The validation documentation for this product is available in the (VR) document.

Data Policy
The use of LSA SAF products in publications is kindly requested to be duly acknowledged:
LST was provided by the EUMETSAT Satellite Applications Analysis on Land Surface Analysis (LSA SAF; Trigo et al., 2011)




2017-2019 Work Plan

3.2 Progress on the implementation of the CEOS Strategy for Carbon Observations from Space

CARB-19: Land Q4 2017 [Summarize current list of validated WGCV
product validation land data products relevant to Carbon
listing and framework Strategy.

Document validation framework and
protocols

Provide guidance for online platform
for intercomparison of terrestrial
carbon products.




« CEOS LPV has established a framework with the
aim of independent validation and consistent
uncertainty reporting across products as main
output.

» Multiple agencies are coordinating five actionable
tasks:

1.

[NASA] Developing best practice validation
protocols, where validation methods are sent
through rigorous peer-review (Q4-2018).

[NOAA/ESA/EUMETSAT] Ensuring access to
processed fiducial reference data (ongoing).

[USGS/NOAA] Supporting automated subsets
of global satellite products (LPCS; Q2-2017.)

[NASA] Implementing data analysis tools
(Q2-2018).

[NASA/ESA] Delivering standardized
intercomparison and validation reports (Q4-
2018)

Schaepman-Strub et al., (2017) submitted

AT

l. Validation Good Practice 2 Fiducial Reference Data Sets 3 Global Satellite Product
Document Subsets
S Pt P2

MODIS Geoland

Qﬁ;

TR vV

P3 Pn

CERES XXX
GRS G

Fernandes et al., (2014). Global LAl Example of fiducial reference data Subsets ower fiducial reference

Product Validation Good Practices. fior soil moisture.
doi:10. 5067 [dociceoswaoy/lpy/lai. 002

CEOS Col/Val

Partal

\

Online Validation Tool

data sites for each product
automatically delivered.

= USGS

+ science for a changing world

=
?

s,

==

///%

. =@eSsa
Example of OLIVE validation tool for LAl and FAFPAR [3]. \\'\‘%—:‘

EUMETSAT v

v

Standardized Intercomparison Report

Standardized Validation Report

s lmsvpelod §leas  lmspeled (s lsspsed




Protocol Status: LST validation protocol document is complete and
undergoing peer-review. The protocol will present recommendations
on internationally accepted validation good practices.

Overarching Goal: To ensure thematic compatibility across products,
reference datasets, and methods. CEOS agency deliverables include:

Support product development, validation, and interconsistency efforts (ROSES,

MEaSURES), maintain the On Line Interactive Validation Exercise (OLIVE) platform
to assess global satellite products (LAI, Albedo, LST).

Maintain observational networks in the US (BSRN/SURFRAD, USCRN) used for
routine validation of LST.

L USGS Develop and maintain the online Land Product Characterization System
ﬁm Wresaw® (https://landsat.usgs.gov/lpcs) to facilitate the characterization and validation of
multi-satellite products using in-situ data .

&@5 Provide users with multi-mission LST data (GlobTemperature). Engage with the
\\y_f esa user community through the International LST and Emissivity Working Group

(http://ilste-wg.org)

Maintain ground-based LST reference networks in Portugal and Africa for satellite
land products validation (Satellite Application Facilities, http://landsaf.ipma.pt)

EUMETSAT

CARB-19: Land Validation Protocol -

Land Surface Temperature (LST) (Q4-2017)

o: 5 @ & =zuss Cosa

Committee on Earth Observation Satellites
Working Group on Calibration and Validation

Land Product Validation Sub-Group

Land Surface Temperature Product
Validation Good Practices

qa\‘\da“"“ Standards 5, -

O

\“‘e‘naﬁonal Exce”eﬂc
e

s, o
Seleq aausioyed ®

Moz e
Hlie Compatipility 2

Editors: Pierre Guillevic, Frank Goettsche, Jamie Nickeson, Miguel Roman

Contributors: Fermando Camacho, Darren Ghent, Yunyue Yu, Simon Hook,

Glynn Hulley, John Remedios, José Sobrino

Version 0.1
March, 2017

o

EUMETSAT



https://landsat.usgs.gov/lpcs
http://ilste-wg.org/
http://landsaf.ipma.pt/

CEQOS LPV Supersites

CV-12 WGCV action: Evaluation of validation supersites and new validation approaches

Evaluation of well-characterized supersites with data continuity prospects for validation
purposes that allow for testing of products, algorithms, and validation strategies through
radiative transfer modeling.

LPV Supersite Definition

> A Supersite should be fully characterized (3D canopy structure, plus key land variables) to
allow a RT model parameterization, whereas a core site refers typically to the same variable.

» A Supersite should be useful for the validation of several land products (> 3) .

Candidates Networks:

» TERN Australian Super Sites

» ICOS Ecosystem network

» NEON

» Sites proposed by LPV members




D

NEON Network

, Core Terrestrial

, Relocatable Terrestrial

Chukchi
Sea

Contact:
» Shelley Petroy

Hay

ARCTIC CIRCLE

National Ecological Observatory Network (NEON)

» Continental-scale ecological observation facility sponsored by the National Science
Foundation to gather and synthesize data on the impacts of climate change, land use
change and invasive species on natural resources and biodiversity

» Strategically locates sites across the U.S. to capture variability in ecological and
climatological conditions (terrestrial and aquatic stations)

»Coordinates local measurements in the field with high-resolution airborne remote
sensing.

»Provide resources for the ecological community to integrate observations and
datasets independently, such as collection and processing protocols.

»NEON network includes core and relocatable terrestrial sites across the U.S.
(including Alaska, Hawaii and Puerto Rico). Core sites (20) are fixed, collect data for
a minimum of 30 years and are designed to represent and capture wildland
conditions. Relocatable sites (27) move through time to capture environmental
gradients not captured at core sites

» Open access to sites data is provided through the NEON data portal
(http://data.neonscience.org/home).

source: http://www.neonscience.org/science-design/field-sites
http://www.neonscience.org/science-design/spatiotemporal-design



Candidates Selection Status

Overall, 61 Supersites selected out of:

»TERN : 18 nodes in 10 Supersites
»|ICOS: 71 sites

»NEON: 47 sites

»LPV : 13 sites

» The networks referred previously have been investigated to select the candidate sites. Two major
criteria were first applied:
O Availability of data: the station is active.

USpatial representativeness: to guarantee the highest level of homogeneity and to minimize issues
associated with spatial representativeness in the point-to-pixel comparison.

= Using high resolution satellite images (available via Google Earth™), to identify those matching the
requirement of homogeneity in the area surrounding the measurement tower

= Only visually homogeneous sites at 3x3 km and 1x1 km are considered.



« May 2016: Proposed at CEOS WGCYV LPV meeting
« Sep 2016: Officially established
 Nov 2016: Held a VI & LSP workshop (Fort Collins, CO)

1) Initiate the development of validation protocols for Vegetation Indices and Land Surface
Phenology products.

2) Develop a strategy to advance the validation stage of one or more operational Land
Surface Phenology Products and one or more Vegetation Index Products

e To learn the current validation status of VI products
» To exchange validation methodologies used for VI products
e To discuss and develop a list of action items and a strategic plan



LPV Vegetation Index & Land Surface
Phenology Workshop

NEDM.EII 10.CPERDPLOOOZ3 - MetCam SC IR - Tue Moy 08 2016 223005 UTC
Camnera Temperature: 420
Exposure; 78

Participants touring NEON site caught
_on the PhenoCam!




VI & LSP Workshop
Fort Collins, CO, USA, November 9-10, 2016

« Three components of VI validation needed to define and characterize VI
uncertainties and to satisfy the user needs:
1) Uncertainty of VIs in their units (e.g., $SNDVI)
2) VI sensitivity to vegetation biophysical/physiological conditions
3) Long-term stability of VItime series data
 Potential data sources for VI validation were identified:
« NEON airborne hyperspectral data
« AERONET-based surface reflectance data
« Ground-/drone-observational reflectance data
« FLUXNET data

*Each participant volunteered to look into one or more of these datasets and to begin
evaluating their VI products of interest




e ) Vegetation Index Focus Area

e Mar 2017:
 Else Swinnen (VITO) appointed as co-lead

e Invitation to participate in the VI focus area was sent (127 potential
participants)

 July 2017:the VI focus are website launched and completed
(https://lpvs.gsfc.nasa.gov/NDVI/VI home.html)

e Updated VI product list
« Updated VI validation references



https://lpvs.gsfc.nasa.gov/NDVI/VI_home.html

National Aeronautics and Space Administration

Goddard Space Flight Center

CE& S Working Group on Calrbratron and Validation
=
> >

Ad'-..'

lar*d Product Valrdafrrr -ul:gfoup

HOME ABOUT DOCUMENTS PEOPLE LINKS

LPV Focus Areas

CES S Workmg Group on Calibration and Valtdalron

: ﬂ
3 ] q L
Fire/Burn Area Gap-Filled, Smoothed NDVI , derived from MODIS TERRA Spatial Coverage:Jlaes : L G & : JI b

—— sttt 154 55 St s Land Pro du ct Valid af fon Su l.; group

Land Cover Gap-Fillad, Smoothed EVI . derived from MODIS TERRA Spatial Coverage:
Contact: LAADS DAAC Temporal Coverag HOME ABOUT DOCUMENTS PEOPLE LINKS

Institution: NASA GSFC Spatial Scale: 500
BRDF/Albedo Temporal Scale: &

LA Vegetation Index Focus Area Products

Fapar Gap-Filled, Smoothed Time Series

Snow Cover

LPV Focus Areas

Soil Moisture Gap-Filled, Smoothed NDVI , derived fram MODIS TERRA
LST and Emissivity

Spatial Coverage:
Contact: LAADS DAAC Temporal Coverag
Institution: NASA GSFC Spatial Scale: 250 LAl
Temporal Scale: g

Vegetation Index Focus Area Contributions to International Structures

Biomass

Fapar Building International Structures

Gap-Filled, Smoothed EVI |, derived from MODIS TERRA Spatial Coverage:

Contact: LAADS DAAC Temporal Coverag Fire/Burn Area Itis our aim to build international structures for the validaiton of this extensively ufilized remote sensing variable.
Institution: NASA GSFC Spatial Scale: 250
Temporal Scale: 8

Global Vegetation Index products are roufinely used in crop monitoring and forecasfing by the UN's FAQ and the

. USDA's FAS to project yield and predict shortages. They also serve as key measurements in productivity, phenology
egetation Index climate, hydrology, biogeochemical and biodiversity studies. Thus, a coordinated effort on the validation of global VI
measurements is warranted, and the LPV VI focus area aims to lead such an efiort.

References
Products

Land Cover

Links to In Situ Networks for VI Validation

s The World Meteorological Organization

» The FLUXMNET Project

» The Mational Ecological Observatory Network (NEOQN)
BRDF/Albedo The PhenoCam Network

Snow Cover

Soil Moisture

LST and Emissivity Vegetation Index Home | Vegetation Index References | Vegetation Index Products

Biomass



e Action ltems:

 Preliminary validation exercises using the identified validation data
sources

o Selection of a globally representative set of sites for inter-comparison
e Inter-comparison exercise
* Reconvening in ayear or 1.5 years



Visit our web site, subscribe to the listserv!
Ipvs.gsfc.nasa.gov
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Incorporate Satellite GVF & LAI
Products into NOAA NEMS System

Yihua Wu'?, Weizhong Zheng'2, Mike Ek?,
Yunyue Yu3, Marco Vargas?

1IMSG at NOAA/NCEP/EMC, 2NOAA/NCEP/EMC,
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Motivation

Both GVF and LAl are very important parameters for
representing the interactions between the land surface
and the atmosphere in LSM. GVF is used to characterize
land surface while LAl is used to characterize plant
canopiesin LSM.

Both GVF and LAl have seasonal, spatial changes and
annual variations; both can be affected by natural
hazards, such as droughts, frosts and wild fires.

The GVF currently used in NOAA Environmental Modeling
System (NEMS) are monthly mean values from AVHRR
data (from April 1985 to March 1991 with year 1988

excluded)

The LAl used in the current model systems is an unrealistic
constant value for all plant types.



The Easter Freeze of April 2007

01 April 2007  J

Oln March 2007, unseasonably warm
weather over the eastern half of the
United States prompted early growth
of many agricultural and horticultural

crops.
: Oln early April (4-10), an arctic cold hit
5 N h % the same region. Air temperatures in
{ many locations were well below 25°F
Temperature DEDHI’IUI:E from 1971-2000 Normal and Iasted almost a week in some
°C 117 47 78 58 3% 19 00 19 39 58 78 47 17
[ . areas.

OF 210 175 -140 105 70 -35 00 35 7.0 105 140 175 21.0

OThe widespread freeze extensively
damaged agriculture in 18 states in
the region, resulting in losses over $2
billion. Many farmers lost about 90%
or nearly all of their crops.

Olt also caused problems in NOAA
weather forecast.




Canopy Damage from The Easter Freeze of April 2007

? Reference £h Postfreeze, Georgia
" ‘(M_issouri,16 April 2006) ' 2’2007

Postfreeze, Tennessee
17 April 2007

Postfreeze, Missouri

Gu, Lianhong, et al. The 2007 Eastern US spring freeze: increased cold damage in a warming
world? BioScience, vol. 58, no. 3, 2008, p. 253+. Academic OneFile, Accessed 21 July 2017

8/24/2017. 5



LAl Reduced by The Easter Freeze of April 2007
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Products of GVF & LAI

Near real time satellite products for GVF starting
from 2012 have been developed

Near real time LAI products will be developed
from VIIRS?

These new products have weekly values and are
updated daily.

These new products have 4-km resolution at
global scale and 1-km resolution at regional
scale

The products will be in lat/lon project and in
GRIB2 data format

http://www.ospo.noaa.gov/Products/land/gvf/
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Comparison between VIIRS and Climatology GVF

Annual Cycle of GVF over USCONUS
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green up ear_Iier
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higher most of a year
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January

VIIRS GVF is much
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VIIRS GVF is higher

‘over the eastern US



| 2014 Cold Spring & Drdught Eff_ects_bn GVF in US

GVF Difference (VIIRS-CLIMO) 20140416
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Numerical Experiments

NAM was run with 2 GVF products for 2014: AVHRR
climatology, the real time VIIRS GVF

The BUDGET method was used to interpolate the
products to the NAM domain (at least 25 points are
chosen in one model grid box, then are weighted with
area to get one value for the model grid box)

Data on 24 days (two from each month, the beginning
and middle day of each month) were used for tests.
Total 48 runs were conducted with the 2 GVF products.

84 hour simulation was conducted for each run.
Analysis was done for all land points over 218 grid

domain.



Albedo

Albedo
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Flux Difference Between the Two Runs
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DPT2m & TMP2m Difference Between the Two Runs
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Bi

s & RMSE of DPT2m & TMP2m in the Two Runs
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Summary

Near real time VIIRS GVF products has been developed and
tested with the North American Model system.

Numerical sensitive tests were conducted with NAM for
2014

Replacing Climatology GVF changes not only GVF, but also
surface albedo in NAM.

The near real time GVF has smaller values which reduced
latent heat fluxes, increased sensible heat fluxes,
and reduced the NAM wet bias of DPT2m and cold bias of
T2m in 2014

VIIRS GVF dataset have been produced to enable ingest
into the NCEP NEMS system

Near real time LAl will be developed soon, and be used in
NCEP NEMS system ?
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Motivation

» Objective:
To improve satellite data utilization over land in NCEP forecast models and data
assimilation system and then improve the numerical weather prediction (NWP).

»Land satellite data assimilation:
— Utilization of satellite data sets in the models (e.g., GVF, snow, burning area,
albedo, emissivity, LST, radiation, vegetation and soil type, etc.)

— Assimilation of satellite products (e.g, Soil moisture (SMAP, SMOPS); snow);

— Direct radiance assimilation (Tb)
Requiring a forward radiative transfer model (RTM) to calculate Tb with input of
model atm profiles and sfc parameters. (sfc emissivity, sfc parameters). (Understand
the interaction and feedback between land and atmosphere, and then improve NWP and

DA)
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« NCEP Operations: Monthly 0.14-deg (16-km) global climatology of GVF

« Weekly GVF: VIIRS near real-time weekly global 0.036-deg (4-km) G\

o« Three data sets: (a) Weekly climatology GVF,;
(b) Monthly climatology GVF;
(c) Near real-time weekly GVF

« The other GVF data sets are also examined:
(a) Near real-time weekly AVHRR (Le Jiang et al., NESDIS);
(b) Near real-time weekly MODIS (Xiaoyang Zhang, SD State U.).



Multi-year mean VIIRS GVF over CONUS
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Average VIIRS GVF over CONUS: Near Real-Time
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Average AVHRR GVF over CONUS: Near Real-Time

GVF (%) Ave (CONUS)
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Average MODIS GVF over CONUS: Near Real-Time

GVF (%) Ave (CONUS)

100

904 — Clim

—— VIIRS: multi—year weekly mean
MODIS: Real-Time 2012

801 ... MODIS: Real-Time 2013

——- MODIS: Real-Time 2014

70 1

60 1

~—
=

90

=
D

40 1

30 e e

20 1

10 1

O | | | | | | | | | | |
JAN1 FEB MAR APR MAYRJUN JUL AUG SEP OCT NOV DEC JANT



VIIRS GVF (4-y monthly mean) test:

5/02 — 6/02, 2016



nand VIIRS data: 15 May 2016
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nand VIIRS data: 15 May 2016
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ean) test: 5/02 - 6/02, 2016
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r CONUS  5/02-6/02, 2016
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xW. CONUS 5/02-6/02, 2016
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VIIRS GVF (4-y monthly mean) test:

5/13 - 6/15, 2014
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Summary

» Several satellite data sets developed recently (e.g., GVF, snow,
burning area, albedo, radiation, soil and vegetation type) have
been tested Iin the NCEP models. The results show good
Improvements, compared with the current data sets; However,
some data sets need further validation with ground
measurements, and consistence of all these data sets is required.

»VIIRS GVF data has lower values than other data sets, especially
In growing seasons, which needs further investigation with
ground measuements.

» We will continue our efforts and working together with several
research teams including NESDIS to improve satellite data
utilization and data assimilation and then improve NCEP NWP.
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Thank You !

Any guestions/comments?
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VIIRS VI Product Validation

UNIVERSITY
of HAWAL'l

— Methods

1. Global Inter-comparison with Aqua MODIS (or other
sensors)

2. Validation using subsets
a) Inter-comparison with Aqua MODIS
b) Comparison with Aeronet-based surface reflectance
c) Comparison with in situ reflectance (tower, UAV, airborne)
d) Validation using FLUXNET productivity data

NOAA ]NASA
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Inter-Comparison of VI Profiles
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Comparison with in situ Vls
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Comparison with in situ Vls
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Inter-Comparison of Length of Growing
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