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JPSS IDPS SNPP Operational Algorithm Overview (1/2)

IDPS SNPP VIIRS VI EDR Algorithm

The current IDPS SNPP VIIRS
Vegetation Index (VI) EDR
consists of two vegetation

indices: p—e p—e

1. Normalized Difference EVI™ =(1+1)- Pn_—Pn

TOC TOC

Vegetation Index (NDVITOA) @p 0 —Cemy L
from top-of-atmosphere
(TOA) reflectances Toc

, Pms - Surface reflectance band M3 (488 nm
Enhanced Vegetation Index e ( )
(EVITOC) from top of canopy #u - Surface reflectance band 11 (640 nm)

TOC

(TOC) reflectances. P2 Surface reflectance band 12 (865 nm)

TOA

P

NDVT® = (o~ p?) o™ + ™)

Top of the atmosphere reflectance band 11 (640 nm)

TOA
P2 Top of the atmosphere reflectance band 12 (865 nm)

C,, C, and L are constants
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JPSS IDPS SNPP Operational Algorithm Overview (2/2)

The VIIRS VI EDR operational
product is generated as ~86
seconds granules at Imagery
resolution (375m)

VI EDR is produced over land only
and during day time
Format HDF5
The granule file contains:
« TOA NDVI
« TOCEVI

Also included in the product are
four quality flag (QF) layers on
land/water mask, cloud confidence,
aerosol loadings, and exclusion
conditions

Product available at NOAA CLASS
http://www.class.ncdc.noaa.qov/
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JPSS NDE SNPP VIIRS Green Vegetation Fraction Product

SNPP VIIRS Green Vegetation
Fraction (GVF) Algorithm

The VIIRS GVF algorithm is a
modified version of the Gutman and
Ignatov’s (1998) GVF algorithm

The VIIRS GVF algorithm uses the
VIIRS 11, 12 and M3 TOC
reflectances as input

The VIIRS GVF is derived form EVI

The Enhanced Vegetation Index (TOC)

EVI :G pNIR_pred
Puir TC1 Prea —Co Pone 1

The Green Vegetation Fraction

EVI —EVI,
EVI, —EVI,

GVF =

The SNPP VIIRS GVF system
generates two products
1. Weekly Global GVF at 4 km res
2. Weekly Regional GVF at 1 km res
(Lat 7.5°S to 90°N, Lon 130°E to 30°E)

Weekly (updated daily) GVF products are
generated in Lat/Lon projection
Output File Format: NetCDF4

The GVF product is available at
NOAA/CLASS

Suomi NPP VIIRS Green Vegetation Fraction
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JPSS NDE 2.0 Vegetation Index Products (under development)

Suomi NPP VIIRS TOC NDVI -- JPSS EPS
04 Jul 2016

The NDE Vegetation Products System
(VPS) is currently under development

The NDE VPS will generate:

 Global Gridded (4km res) TOA
NDVI, TOC NDVI, TOC EVI and
GVF

Regional Gridded (1km res) TOA
NDVI, TOC NDVI, TOC EVI and

GVF
Suomi NPP VIIRS TOC NDVI -- JPSS EPS

Temporal resolution: Daily, Weekly o1 201
(updated daily), and Bi-weekly (updated
daily)

Format NetCDF4
Project CDR scheduled in Sep 2016
Estimated TTO August 2017
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S-NPP VIIRS VI EDR and GVF STATUS

IDPS VIIRS VI EDR NDE VIIRS GVE
The VI EDR always has met the JPSS
performance specifications since the Declared operational by on 02/12/2015
beginning of the SNPP mission Product maturity: Provisional

Product Maturity Validated maturity review in Sep 2016
- Beta Maturity: February 2012

- Provisional Maturity: August 2013
- Validated Maturity: September 2014 GVF APU Estimates

- IDPS VI EDR LTM in progress

VI EDR Global APU Estimates Attribute Sl validation
Threshold
. Results
L1RDS (GVF units)

Validation
Threshold Results Measurement Accuracy
(VI units)

1. Global 0.076
TOA NDVI Accuracy

2. Regional 0.062
TOA NDVI Precision

Measurement Precision
TOA NDVI Uncertainty

1. Global
TOC EVI Accuracy

2. Regional
TOC EVI Precision

. Measurement Uncertainty
TOC EVI Uncertainty

1. Global
TOC NDVI Accuracy

o 2. Regional
TOC NDVI Precision

TOC NDVI Uncertainty
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APU (EVI Unit)

APU (NDVI Unit)

JPSS |IDPS S-NPP VIIRS VI EDR STATUS: Global APU (LTM)

VIIRS VI APU meet the L1RDS requirements over time, across seasons and view angles
— APU derived from global data using Aqua MODIS as a reference
— VIIRS-MODIS observation pairs from matched orbital tracks used

Global APU Across View Angles
(Jan — Dec 2015)

TOA NDVI

Global APU Time Series Plot (2015-2016)

0.07 ‘ . ‘ . ‘ . ‘ . ‘ . : — ‘
0.06 Uncertainty Req.
0.05
0.04
0.03 +
0.02
0.01 +
0.00
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JPSS IDPS S-NPP VIIRS VI EDR: Temporal Profile Evaluation (LTM)

Quality of VIIRS VI EDR temporal profiles have been evaluated via visual inspection &
comparison with Aqua MODIS

VIIRS ubset Sites for Temporal Profile Evaluation

North America
22 sites

Regions IGBP LandC
ENF, DBF, MF, :
North America  CRO, GRA, OSH, Australia
CSH, WSA, WET 8 sites
EBF, GRA, WSA,
SAV
Europe ENF, CRO, GRA ) i

Austraha

Source: Esri, DigitalGlob oEye, arths hics, CNES/Airbus DS, USDA, USGS, AEX,
Getmapping, Aerog L sw C Community

IGBP landcover class (number of site)

® ENF(2) @ EBF(2) @ DBF(5) @ MF(2) "SH (1) OSH (1) GRA (10) CRO (5) @ WSA(3) AV (3) @ WET (1)
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JPSS IDPS S-NPP VIIRS VI EDR: Temporal Profile Evaluation (LTM)

Quiality of VIIRS VI EDR temporal profiles evaluated via visual inspection & comparison with Aqua MODIS
— VIIRS VI temporal profiles matching very well with the MODIS counterparts
— VCM cloud confidence flag performing well for screening suspicious observations overall
— VCM and MODIS snow masks somewhat incompatible

VIIRS

AU-DaP Australia (-14.06, 131.32) LC: GRA M O D I SAU DaP Australia (-14.06, 131.32) LC: GRA

2014 2015 2015

TOA-NDVI

o Screened_withCloudConfProb Unscreened VIIRS TOA-NDVI : © Screened_withCloudConf + Unscreened C6 MODIS TOA-NDVI

183 001 182 001 182 001 182 182 001 182 001 182

AU-DaP Australia (-14.06, 131.32) LC: GRA . __. . __DATE(20124-2016.3)

2013 2014 2015

: .
- 2y a & 5 o vor" 3
] &5 s b
- o £y L
Al

o Screened_withCloudConfProb Unscreened VIIRS TOC-EVI(G=2.0) : < Screened_withCloudConf + Unscreened tG MODISTOC EVI

001 182 001 182 001 182 182 001 182 001 182
DATE (2012.4 - 2016.3) DATE (2012.4 - 2016.3)

et ey rrmay eyt e s

2014

TOC-NDVI

© Screened_withCloudConfProb Unscreened VIIRS TOC NDVI | o Screened withCloudConf + Unscreened C6 MODIS TOC NDVI
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DATE (2012.4 - 2016.3) DATE (2012.4 - 2016.3)
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3 VIIRS VIs vs. MODIS C6 VIs (Cloud screening)

O Observations remained after cloud screening

|
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JPSS IDPS S-NPP VIIRS VI EDR: Inter-Comparison Exercise

11 flux tower sites across the conterminous U.S.

Temperate grassland (2), Semi-arid grassland (2), Woody savanna (1),
Cropland (2), Deciduus forest (4)

Temperate grass
(GRA)

Semi-arid grass
(G RAarid)

Y Site locations

Woody savanna Forest
(WSA) 0 500 1000 2000 km (DBF)

Boures: Ead, Digitaltlobe, MacBys, Rubad, Earihatar Baoprashics, GHES AN D8, i, Das, 42, |
ping, Aseguied, G, 1O, bwiasinpe, and ihs 08 Ussr Sommunty |, 1y " T |

STAR JPSS Annual Science Team Meeting, 8-12 August 2016 NCWCP College Park, MD 13



Methods

data

Processing

VIIRS VI

Tower VI

Start-of-Season

(SOS)

Data screening
Satellite: Quality flags

In-situ data: radiation & precipitation

\ 4

VI time series with data gap

Model Daily VI (Fisher et al., 2006) ]

v

Modeled multi-years VI curve

End-of-Season
(EOS)

Calculate SOS, EOS, GSL
(Fisher et al., 2007; Zhang et al., 2014)

AuUQ

v

Multi-years S(.)S, EQS, GSL

v

Correlation analysis between

S0S & GSL, EOS & GSL

(Spearman's rank correlation, r)




JPSS IDPS S-NPP VIIRS VI EDR: Inter-Comparison Exercise

VIIRS vs. In Situ Phenological

Metrics Cross-Comparison

TOCEM S0S/EQS TOANDW SOS/ECS

TOC NDVI S0S/EOS

330

300 4

270 ~

240 4

210 ~

180 -

150

120

TOA NDVI

y=-27.04 +114x
rz=088

® SO0S

& EO0S |]

120

150 180 210 240 270 300

Tower NDVI SOS/ EOS

] =097

| TocEWI

y=-0.33+ 009 y
-~

s
A

180 210 240 270 300

Tower EVI2 SOS/EOS

| Toc NDVI

y=-18.3+ 1.08¢

180 210 240 270 300

Tower NDVI SOS/EOS

GSL (days)

GSL (days)

* VIIRS- & In Situ-derived phenological metrics corresponded well

(e.g., SOS MD < 5 days; SOS RMSE < 7 days)

» Temporal & spatial treads obtained from VIIRS VI EDR compared
well with those from MODIS and In Situ VIs.

In Situ vs. MODIS vs. VIIRS Inter-Comparison of

Temporal Phenological Trends

Tower (TOC NDVI))

4 P<0.001

CRO1
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GRAt1
GRAt2
GRAari]
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% DBF1

® DBF2

& DBF3

B DBF4

= WSA
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r =-0.86
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NDE S-NPP VIIRS GVF Validation (1/3)

ata Sources:

* VIIRS
AVHRR
VIIRS-AVHRR

Data Sets:
* GVF
Surface Type
Climatology

Compositing:
* Daily Rolling Weekly

Analysis:
* Availability Tables
Maps

Date:
dd mm  yyyy
<||08v| 08| 2016

http://www.star.nesdis.noaa.gov/smcd/viirs vi/gvf/gvf.htm
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Weekly GVF difference (VIIRS - AVHRR) Sep 7 - Sep 14, 2015
%0 w o 0 ) %



http://www.star.nesdis.noaa.gov/smcd/viirs_vi/gvf/gvf.htm

NDE S-NPP VIIRS GVF Validation (2/3)

GVF Time Series and Correlative Analysis Between VIIRS and AVHR

GVF Temporal Trajectories
VIIRS vs. AVHRR
Konza Validation Site

GVF Comparison by Surface Type
VIIRS vs. AVHRR

H M Weekly AVHRR GVF VS. VIIRS GVF (Nov 9 - Nov 16, 2015) Weekly AVHRR GVF VS. VIIRS GVF (Nov 9 - Nov 16, 2015)
ODa emporal Irajectories Suvammas Evergreen Necdlcleaf Forests
0 y — T T T T 0
VIIRS vs. AVHRR e ' ' ' Bt
)

S
T

>
T

VIIRS GVF
VIIRS GVF

[

n .- _.:-‘.-:1.--1;.1'_
-l aa
LIE-H ..._

. . \ . h . . .
02 04 0.6 0.8 0 . 0.4 0.6 0.8 10
AVHRR GVF AVHRR GVF V
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NDE S-NPP VIIRS GVF Validation (3/3)

GVF Time Series Inter-Comparison Comparison Between VIIRS GVF
Using In Situ Networks and Google Earth GVF

GHF_EVIZ_Site— _GF_Lkm_VilRS— GVF_bkm_VilRS | [ GVF_EVIZ_Site—  GNF_Lkm_VilRS— GVF_m_VilRs |

Konza Harvard Forest

o“ 10“ w
o

e n... Terwer Site: Kesesal € . DonSat) = (1099819, 31.7365)

= lkm VIIRS: RMSE=0.05 + a dkm VIIRS: AMSE=D.06

Google Earth image over a 0.036- Classified image Google Earth image over a 0.036- Classified image
degree VIIRS GVF pixel (8/13/2014) (green vegetation: green) degree VIIRS GVF pixel (4/27/2016) (green vegetation: green)

Google Earth GVF=0.44 Google Earth GVF=0.26
‘ ? ) ‘ 7 VIIRS GVF=0.55 VIIRS GVF=0.34

GF EVIZ_Site: Kendall Grassiand. (lon.lat) = {.109.9419, 31.7368]

GVF_EVIZ_Site: Lucky Mils_Shrubland, (len,lat] = {.110.0823, 31 743833)

GVF_EVIZ_Site—  GVF_Lkm_VIRS— GVF_dkm v.ms] GVF_EVIZ_Site—  GNF_Lkm_VilRS— GVF_m_VilRs |

o Park Falls Scatter Plot
»* , ' ' VIIRS GVF vs. Google Earth GVF

r

ﬁe o
o

4 | { 1 ! J . = 0,588%x + 01809
| \ Ri= 08129
W -
. 3TN - |"
| | | ,l ' L7 / 6

UC
R Y B\a
P B g

Amverifius Tower Sbe: Sara_Rita_Grassland, flen,at) = 1108277, 3378941

4

= lkm VIIRS: RMSE=0.05 + a dkm VIIRS: AMSE=D.06

VIRS GVF

[

Google Earth image over a 0.036- Classified image
degree VIIRS GVF pixel (5/10/2013) (green vegetation: green) 0 9.4 as

Google Earth GVF

Google Earth GVF=0.38
VIIRS GVF=0.36

01 02 03 04 05 06 07 o4 01 ez 03

O]
GVF_EW12_Site: Santa_Rita Grazsiand, (len,lat) = (1105277, 31.7804)

GF_EVI2_Ste- Masouri Ozark, flen lat] = |.92.2, 38.7441)
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JPSS-1 Readiness (1/3)

A new vegetation index, the TOC NDVI, has been added to the
JPSS-1 VIIRS VI EDR

An improved EVI algorithm has been incorporated which stabilizes
the EVI performance over snow/ice/cloud-contaminated pixels

The Block 2.0 VIIRS VI EDR algorithm has been tested (LG2 and
OBSAT tests) and it is performing well

JPSS VI EDR Cal/Val plan was delivered last year

Cal/Val datasets: J1 Test Data, SNPP VI, MODIS VI, AERONET,
FLUXNET

SNPP Cal/Val tools are being adapted to work with JPSS-1 VI
products

J1 GVF continuity and upgrades project funded
Schedules and Milestones
— Beta: October 2017 (VIIRS SDR Beta + 7 months)
— Provisional: April 2018 (Beta + 6 months)
— Validated: April 2019 (Provisional + 12 months)
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Readiness (2/3)

TOC NDVI TOC EVI

TOC NDVI, Land {(20160409)

TOA NDVI

TOA NDVI, Land (20160409)

LG2 Test (Block 2.0)
20160409
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JPSS-1 Readiness (3/3)

Ea e |
=] [@lals Block 2.0 VI EDR hdf5 file structure

Recent Files |EANIIIIITHIIIITIINIIIIT0_FY16U_MingshiChen\LG2 dataWIviO_j01_d20160403_t1959574_e2001216_b04668_c20160403204220778231_nobc_ops.hs Clear Text

B] VIVIO_j01_d20160408_11959574 e2001216_b046658_c20160408204220778231_nobc_ops.hs m VIVIO_]D1 d20160408 11959574 2001216 b046ES c20
¢ '@ All_Data . | - | X
o @ VIRS-VI-EDR_AI : o @Al
f QF1_VIRSVIEDR :
@ QF2_VIRSVIEDR
@ QF3_VIIRSVIEDR

8 QF3_VIRSVIEDR
& oF4_VIIRSVIEDR
[ ToA_NDVI

8 TOA_NDVI_Factors
¢ @ VIRS-VI-EDR & TOC_EVI

I VIRS-VI-EDR_Agar : ﬁ TOC_EVYI_Factor
T VIRS-VI-EDR_Gran_0 : & ToC_NDVI

f_Factors

N_LEGA_Flag=0n
N_Nadir_Latitude_Max = 43.465904 ¢ @ VIRS-VI-EDR
MN_Madir_Latitude_Min = 38.613636
N_Madir_Longitude_Max = -104.675476 ﬁ VIIRS-VI-EDR_Agagr
M_Madir_Longitude_Min = -106.349106
N_Number_Of Scans = 43 i VIRS-VI-EDR_Gran_0
M_Percent_Erroneocus_Data = 0.0
M_Percent_Missing_Data =00
M_Percent_Mot-Applicable_Data = 1 0933601
M_Primary_Label = Mon-Primary
M_Quality_Summary_Mames = Mo Land in Granule Summary TOA NDWI Quality, Summary TOC EVI Quality, Summary TOC NDVI Quality, TOA MDVI Exclusion Summary, TOC EVI Exclusion Summary, TOC NDVI Exclusion Summary
M_Quality_Summary_Values = 0,23 23 23 51 51 51

M_Reference_ID = VIRS-VI-EDR:J01001408175994:A1

M_Satellite/Local_Azimuth_Angle_Max = 179 99907

M_Satellite/Local_Azimuth_Angle_Min =-179 965 .

M_Satellite/lLocal_Zenith_Angle_Max =70.80727

ez, 1he LG2 Block 2.0 VI EDR hdf5 output files successfully
M_Software_Version = 12.0.00.00.16

M_Solar_Azimuth_Angle_Max=180.0

e Implemented the new QF4 and the TOC NDVI dataset
M_Solar_Zenith_Angle_Max = 47.026203

M_Solar_Zenith_Angle_Min = 27.23705

M_Spacecrafi_Maneuver = Normal Operations

Morth_Bounding_Coordinate = 44 80434

South_Bounding_Coordinate = 34.805126

West_Bounding_Coordinate = -123.625465

Log Info Metadata
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Jpss Enterprise Algorithm for Vegetation Products

» Land algorithms are currently transitioning to Enterprise solutions

The Enterprise Algorithm for
Vegetation products is in the
planning stage

Enterprise Vegetation Products:
TOA-NDVI, TOC-NDVI, GVF, EVI,
EVI2*, LAI*, fPAR*, PSN* and
NPP*

Global gridded products in Lat/Lon
projection

Spatial resolution: 1 km (0.009
degree)

Temporal resolution: daily, weekly
updated daily, and bi-weekly
updated daily

Output File Format: NetCDF4

*No L1 requirement to create these new products

2-phased Development Strategy

 Implement a 2-phased
approach for the development
of the Enterprise Algorithm for
Vegetation Products

> Phase 1

Products to be implemented in
this phase:

TOC EVI, TOC EVIZ, TOC
NDVI, TOA NDVI, GVF

> Phase 2

Products to be implemented in
this phase:

LAI, fPAR, NPP, PSN
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S-NPP VIIRS VI EDR Reprocessing

The VI Team will reprocess all the VIIRS Vegetation products
since the beginning of the SNPP mission, using the Enterprise
Algorithm for Vegetation Products (EAVP) that will run
operationally at NDE in the near future

During reprocessing the EAVP will ingest the reprocessed
versions (enterprise versions) of the VIIRS SDR, CM, SR, and
AOT datasets

The reprocessed VI products will incorporate all the
refinements in sensor calibration (VIIRS SDR), improvements
to the input datasets (CM, SR, and AOT), as well as
changes/improvements to the VI-EDR algorithm (additional
guality flags, new TOC NDVI dataset, improved quality
definition)
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Operational Use

 VIIRS EVI used to derive VIIRS Green
Vegetation Fraction (GVF)

STAR Land Team members (Csiszar/VVargas/Yu)
are working with NCEP/EMC to incorporate the
near-real-time Suomi NPP Green Vegetation

Fraction into NCEP Land modeling suite

* This effort will lead to the operational use of the
existing Suomi NPP GVF product in EMC
modeling
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Summary

All the SNPP VIIRS Vegetation Index products are performing
well

The VI Team is ready for the EOC of the JPSS1 VI EDR

The NDE implementation of the SNPP VI products is under
development

The Enterprise Algorithm for Vegetation Products is being
prototyped. STAR Land Team has identified the deficiencies Iin
the requirements and is working on the CCRs

Reprocessing of the SNPP VIIRS VI products is necessary to
Incorporate all the refinements in sensor calibration (VIIRS
SDR), improvements to the input datasets (CM, SR, and
AQOT), as well as changes/improvements to the VI-EDR
algorithm

VIIRS VI product validation will be coordinated with
CEOS/WGCV LPV which has established a new “Vegetation
Index” focus area
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gpss For more information on VIIRS Vegetation Products

http://www.star.nesdis.noaa.gov/|pss/EDRs/products Veqgln
dex.php

http://www.star.nesdis.noaa.gov/smcd/viirs_vi/Monitor.nhtm
http://www.star.nesdis.noaa.gov/smcd/viirs_vi/gvi/gvf.htm
http://www.nsof.class.noaa.qgov/
http://www.0spo.noaa.gov/Products
http://www.star.nesdis.noaa.gov/jpss/
http://viirsland.gsfc.nasa.gov/Products/GVFE.html
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http://www.star.nesdis.noaa.gov/jpss/EDRs/products_VegIndex.php
http://www.star.nesdis.noaa.gov/jpss/EDRs/products_VegIndex.php
http://www.star.nesdis.noaa.gov/smcd/viirs_vi/Monitor.htm
http://www.star.nesdis.noaa.gov/smcd/viirs_vi/gvf/gvf.htm
http://www.nsof.class.noaa.gov/
http://www.ospo.noaa.gov/Products
http://www.star.nesdis.noaa.gov/jpss/
http://viirsland.gsfc.nasa.gov/Products/GVF.html

Back up slides

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



JPSS

Enterprise Algorithm for Vegetation Products

Acronym

Description

Purpose

TOA NDVI

Normalized Difference Vegetation
Index, at the top of the atmosphere

Continuity with AVHRR heritage

TOC NDVI

Normalized Difference Vegetation
Index, at the top of the canopy

Continuity with MODIS/AVHRR heritage, focused
on surface values

EVI/*EVI2

Enhanced Vegetation Index

Continuity with MODIS heritage. Useful
parameter for biogeophysical models and
scientific interpretation. Complement the NDVI

GVF

Green Vegetation Fraction

Useful parameter for biogeophysical models and
scientific interpretation

*LAI

Leaf Area Index

Useful parameter for biogeophysical models and
scientific interpretation

*fPAR

Fraction of absorbed
Photosynthetically Active Radiation

Useful parameter for biogeophysical models and
scientific interpretation

*PSN

Net Photosynthesis

Useful parameter for assessing the magnitude of
CO2 transport in the carbon cycle

*NPP

Net Primary Production

Useful parameter for monitoring of crops and
forests

*No L1 requirement to create these new products. The JPSS ATBD for Vegetation Index products
describes that those products will be produced
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JPSS Enterprise Algorithm for Vegetation Products

Product VIIRS ABI AVHRR MODIS

TOA NDVI

Users of NOAA
Product

NWS, USDA, USGS

TOC NDVI

EVI

EVI2

GVF

NWS/NCEP

LA

fPAR

PSN

NPP

O — operational, F — future capability

R — Ready for operational implementation
*P — planned for production at NASA
*MODIS production at NASA
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