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VI & GVF Cal/Val Team Members

Name Organization Major Task
STAR/EMB Ivan Csiszar NOAA/NESDIS/STAR Land Lead

Yunyue Yu NOAA/NESDIS/STAR EDR Lead, algorithm development/improvement, 
calibration/validation, team management

Feng Zhao NOAA Affiliate, IMSG Product validation and assessment, 

Mingshi Chen NOAA Affiliate, IMSG Algorithm development/improvement, product monitoring

Zhangyan Jiang NOAA Affiliate, IMSG Algorithm development/improvement, product monitoring

Yuxiang He NOAA Affiliate, IMSG Product visualization, monitoring

STAR/OPDB Walter Wolf NOAA/NESDIS/STAR STAR ASSIST Lead

Valerie Mikles NOAA Affiliate, IMSG STAR ASSIST,  Algorithm System integration

Michael Wilson NOAA Affiliate, IMSG STAR ASSIST,  Algorithm System integration
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JPSS Data Products Maturity Definition

Source: Level 1 Requirements SUPPLEMENT – Final Version 2.3 November 2, 2012
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Overview -- VI
• Vegetation Index (VI) is one key parameter to specify the boundary condition in 

global climate models, weather forecasting models and numerous remote 
sensing applications for monitoring environmental state and its change

• VIIRS VIs are inherited products from MODIS VI and AVHRR VI

 TOA - NDVI: Top of the Atmosphere Normalized Difference Vegetation Index is most 
directly related to absorption of photosynthetically active radiation, but is often 
correlated with biomass or primary productivity

 TOC - NDVI: Top of the Canopy Normalized Difference Vegetation Index is a functional 
response to ground cover, plant leaf area, leaf orientation, solar zenith angle and 
atmospheric optical depth. 

 TOC – EVI: Top of the Canopy Enhanced Vegetation Index was developed to optimize 
the vegetation signal with improved sensitivity in high biomass regions and improved 
vegetation monitoring through a reduction in atmosphere influences

• Product Description:  Daily, weekly and biweekly at global (4 km) and regional 
level (North America,1 km)
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Derivation: 
‒ The NDVITOA derived from TOA reflectance
‒ The NDVITOC derived from TOC surface reflectance
‒ EVI derived from TOC surface reflectance with a gain factor

TOA NDVI

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑇𝑇𝑇𝑇𝑇𝑇 =
⍴𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇 − ⍴𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇

⍴𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇 + ⍴𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑇𝑇𝑇𝑇𝐶𝐶 =
⍴𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝐶𝐶 − ⍴𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝐶𝐶

⍴𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝐶𝐶 + ⍴𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝐶𝐶

𝐸𝐸𝐸𝐸𝐼𝐼 = 1 + 𝐿𝐿 .
⍴𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝐶𝐶 − ⍴𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝐶𝐶

⍴𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝐶𝐶 + 𝐶𝐶𝐶. ⍴𝐼𝐼𝐼𝑇𝑇𝑇𝑇𝑇𝑇−𝐶𝐶𝐶 . ⍴𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇 + 𝐿𝐿

Overview -- VI
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VI Product Requirements

Source: Level 1 Requirements SUPPLEMENT – Final Version 2.3 November 2, 2012
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NDE VI Global Products
07/02/2018

Global Daily NDVI_TOA 

Global Daily EVI_TOC

Overview -- VI

Global Daily NDVI_TOC
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NDE VI Regional Products
07/02/2018

Overview -- VI

Regional Daily EVI_TOC Regional Daily NDVI_TOA

Regional Daily NDVI_TOC
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• Green Vegetation Fraction (GVF) is defined as fraction of a pixel  covered by green 
vegetation if it were viewed vertically

• GVF data are needed for land surface initialization in numerical weather 
prediction models and land surface monitoring

• GVF EDR provides continuity with NOAA 16-km weekly AVHRR GVF
• Product Description

 coverage:  Global (4km resolution), regional (1 km)
 format: NetCDF
 for high latitude area in winter, GVF is filled by climatology data

• No GVF production performed over ocean or coastal grid

Overview -- GVF
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Derivation: 
‒ For each grid, representatives of daily VIIRS surface reflectance are determined/selected 

from one-week VIIRS granule reflectance data.

‒ EVI is calculated from the representative reflectance

‒ GVF is then calculated from EVI:

TOA NDVI

Where  EVI0 and EVIM , the global minimum and maximum EVI, are algorithm 
parameters determined experimentally, and need to be calibrated.

G𝑉𝑉𝑉𝑉 = 𝐸𝐸𝑉𝑉𝑉𝑉 − 𝐸𝐸𝐸𝐸𝐸𝐸0
𝐸𝐸𝑉𝑉𝑉𝑉𝑀𝑀− 𝐸𝐸𝐸𝐸𝐸𝐸0

Overview -- GVF
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GVF Product Requirements

Source: Level 1 Requirements SUPPLEMENT – Final Version 2.9 June 27, 2013
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TOA NDVI

𝐺𝐺𝑉𝑉𝑉𝑉 =
𝐸𝐸𝑉𝑉𝑉𝑉 − 𝐸𝐸𝐸𝐸𝐸𝐸0

𝐸𝐸𝑉𝑉𝑉𝑉𝑀𝑀 − 𝐸𝐸𝐸𝐸𝐸𝐸0

Overview -- GVF

NDE GVF Global Products
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TOA NDVI

Overview -- GVF

NDE GVF Regional Products

July 4th, 2018 – July 10th, 2018
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NOAA 20 VIIRS VI & GVF Status

• NOAA 20 VIIRS VI & GVF products are currently generated based on the VI & 

GVF enterprise algorithm verified on SNPP inputs

• The enterprise VIIRS VI & GVF algorithms are running operational in NDE for 

SNPP data production since May 2018; limited test run for NOAA-20 VI/GVF 

production test

• A month of sample NOAA-20 input files are available for this review preparation 

(i.e., June 26, 2018 – July 27, 2018)

• Cross-comparison between NOAA-20 VI product and SNPP VI products is being 

conducted

• VI Validation against field data will be done in the next spring, due to field data 

(e.g., FLUXNET) availability
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Beta Maturity Evaluation 

Beta maturity evaluation components:
• Data structure and integrity
• Visual assessment of global/regional mosaics and quality 

flags
• Check meta metrics 
• Cross-comparison with SNPP VI/GVF products
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Data Structure and Integrity

VI layers: NDVI_TOA, NDVI_TOC, EVI_TOC

SR layers: I1_TOA,I1_TOC, I2_TOA, I2_TOC, M3_TOC

NetCDF format

QA Layers: QF1, QF2, QF3, QF4

Angle layers: RAA, SZA, VZA

Lat/long layers: Lat_dim, Lon_dim, Latitude, Longtitude, Plate_Carre

Drop out issue – bug fix delivered, but not implemented yet 

in NDE
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Visual Assessment of TOA/TOC NDVI
Daily                                              Weekly                                             Biweekly

Global Data Product

TOA

TOC
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Visual Assessment: TOC EVI
Daily                                              Weekly                                             Biweekly

Global Data Product

TOC
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Visual Assessment: TOA/TOC NDVI
Daily                                              Weekly                                             Biweekley

Regional Data Product

TOC

TOA
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Visual Assessment: TOC EVI
Daily                                              Weekly                                             Biweekley

Regional Data Product

TOC
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Visual Assessment: Animation
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Visual Assessment: QA Layers
Data Set Name byte Flag Range of Values and Classes
QF1 (VI Algorithm 
Quality Flag 1)

0 Overall TOA NDVI 1-High, 0-Low
1 Overall TOC EVI 1-High, 0-Low
2 Overall TOC NDVI 1-High, 0-Low
3 I1 TOA Reflectance 1-Available, 0-Not Available

4 I2 TOA Reflectance 1-Available, 0-Not Available

5 I1 Surface Reflectance 1-Available, 0-Not Available

6 I2 Surface Reflectance 1-Available, 0-Not Available

7 M3 Surface Reflectance 1-Available, 0-Not Available

QF2 (VI Algorithm 
Quality Flag 2)

0 EVI Range 1-Out of range, 0-In range
1-3 Land/Water Background 1-Deep Ocean,2-Shallow Water, 3-Land,4-

Snow, 5-Arctic,
6-Antarctic and Greenland,
7-Desert

4-5 Cloud Confidence 0-Confidently Clear, 1-Probably Clear 2-Probably 
Cloudy, 3-Confidently Cloudy 

6-7 Sun Glint 0-none, 1-Geometry Based,
2-Wind-Speed Based, 3-Geometry & Wind Speed 
Based 

QF3 (VI Algorithm 
Quality Flag 3)

0 Thin Cirrus (reflective) 0-No Cirrus, 1-Cirrus

1 Stratification Solar Zenith Angle 0-SZA<65 or SZA>85, 
1-65≤SZA≤86 

2 Excl - AOT > 1.0 0-AOT≤1.0, 1-AOT>1.0  
3 Excl - Solar Zenith Angle > 85 Degrees 0-SZA≤85, 1-SZA>85

4 Snow/Ice 0-No Snow/Ice, 1-Snow/Ice  
5 Adjacent to Clouds 0-Not Adjacent to Clouds, 1-Adjacent to Clouds 

6-7 Aerosol Quantity 0- Climatology, 1-Low, 2-Average, 3-High

QF4 0 Cloud Shadows 0-No Shadow, 1-Cloud Shadow
1-2 Aerosol Optical Thickness Quality 0-High Quality, 1- Degraded Quality, 2-Excluded 

Quality, 3-Not Produced 
3-4 Cloud Mask Quality 0-Poor, 1-Low, 2-Medium, 3-High 
5-7 N/A N/A

• 4 8 bits QF layers

• 23 attributes

• QF needs to be 

reorganized
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Visual Assessment: QA Layers

QF1 : reflectance check

QF1 : NDVI check

low                   high

not-available     available
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Visual Assessment: QA Layers

QF2 cloudy check QF2 range check QF2 surface type check

QF2 glint check QF3 cloud check QF3 aerosol check
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Visual Assessment: QA Layers

QF3 AOT check QF3 solar zenith check QF3 snow/ice check

QF3 solar zenith angle check QF3 thin cirrus check QF4 AOT quality check
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Visual Assessment: QA Layers

QF4 cloud mask check

QF4 solar zenith angle check

QF4 cloud shadow check QF4 relative azimuth angle check

QF4 view zenith angle check
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• Regional VI statistics (min, max, mean, std, N_pix)

• Global VI statistics (min, max, mean, std, N_pix)

VI Metadata Metric

Area Ecosystem lon_W lon_E lat_S lat_N N_pix_evi min_evi max_evi mean_evi std_evi N_pix_toandvi min_toandvi max_toandvi mean_toandvi std_toandvi N_pix_tocndvi min_tocndvi max_tocndvi mean_tocndvi std_tocndvi
Global global -180 180 -40 40 3681510 -0.47 0.782 0.143 0.128 3681510 -0.79 0.848 0.23 0.183 3681510 -1 0.959 0.201 0.192
E-Sahara(LYBIA) desert 23 24 28 29 841 0.105 0.115 0.11 0.002 841 0.141 0.163 0.146 0.002 841 0.112 0.132 0.117 0.003
Great-Sandy(AUS) semi-desert 125 126 -21 -20 841 0.085 0.161 0.117 0.013 841 0.198 0.289 0.229 0.014 841 0.155 0.257 0.193 0.015
Colorado(USA) steppe -103 -102 36 37 841 0.041 0.522 0.227 0.076 841 0.079 0.666 0.325 0.097 841 0.052 0.661 0.304 0.102
Illinois(USA) crops -89 -88 39 40 841 0.321 0.758 0.621 0.051 841 0.468 0.84 0.788 0.038 841 0.44 0.833 0.778 0.041
Kentucky(USA) broad_leaf_forest -85 -84 36 37 841 0.065 0.623 0.274 0.143 841 0.102 0.676 0.314 0.125 841 0.064 0.712 0.298 0.15
Oregon(USA) coniferous_forest -123 -122 43 44 377 0.153 0.505 0.406 0.055 377 0.329 0.79 0.722 0.061 377 0.283 0.778 0.701 0.065
Amazon(BRAZIL) tropical_forest -63 -62 -3 -2 810 -0.03 0.441 0.055 0.107 810 -0.002 0.739 0.097 0.151 810 -0.027 0.734 0.075 0.159

Area Ecosystem lon_W lon_E lat_S lat_N N_pix_evi min_evi max_evi mean_evi std_evi N_pix_toandvi min_toandvi max_toandvi mean_toandvi std_toandvi N_pix_tocndvi min_tocndvi max_tocndvi mean_tocndvi std_tocndvi
E-Sahara(LYBIA) desert 23 24 28 29 12544 0.103 0.117 0.11 0.002 12544 0.139 0.165 0.146 0.003 12544 0.11 0.134 0.117 0.003
Colorado(USA) steppe -103 -102 36 37 12656 -0.018 0.711 0.216 0.1 12656 0.045 0.807 0.33 0.122 12656 -0.089 0.83 0.307 0.131
Illinois(USA) crops -89 -88 39 40 12537 0.111 0.831 0.622 0.077 12537 0.276 0.865 0.786 0.054 12537 0.236 0.862 0.776 0.058
Kentucky(USA) broad_leaf_forest -85 -84 36 37 12603 0.042 0.828 0.268 0.153 12603 0.082 0.738 0.324 0.154 12603 0.044 0.915 0.308 0.184
Oregon(USA) coniferous_forest -123 -122 43 44 5344 -0.067 0.591 0.408 0.067 5344 -0.072 0.82 0.724 0.074 5344 -0.586 0.807 0.702 0.08
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SNPP-NOAA-20 Scatterplot(SNPP-NOAA-20)

TOA NDVI Cross-comparison: NOAA-20 VS. SNPP
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SNPP-NOAA-20 Scatterplot(SNPP-NOAA-20)

TOC NDVI Cross-comparison: NOAA-20 VS. SNPP
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SNPP-NOAA-20 Scatterplot(SNPP-NOAA-20)

TOC EVI Cross-comparison: NOAA-20 VS. SNPP
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GVF Data Structure and Integrity

VI layers

SR layers

QA Layers

Angle layers

Lat/long layers
NetCDF format

Projection info: plate_carree

Product Layers: gvf_4km

Lat/Long info: longitude, latitude, lon_dim, lat_dim

Input layer: number of pixels for aggregation
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Visual Assessment of Global GVF
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Visual Assessment of Regional GVF

July 4th, 2018 – July 10th, 2018
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Jun 28, 2018 – July 20, 2018

Visual Assessment: Animation
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• Regional GVF statistics

• Global GVF statistics

GVF Metadata Metric
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NOAA-20 GVF vs. SNPP GVF

Mean_diff=0.033
RMSE=0.0787
R=0.97

NOAA-20 – NDE SNPP
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NOAA-20 VI & GVF Evaluation Results

• Visual assessment of  VI &GVF products shows that 
the NOAA-20 VI & GVF algorithm production looks 
reasonable 

• No issues found in visual assessment of quality flags

• Metadata metrics suggests that NOAA-20 VI & GVF 
products are quantitatively reasonable

• Cross-comparison demonstrated high consistency 
between NOAA-20 VI & GVF product and SNPP VI & 
GVF products
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Beta Maturity Conclusions

• Minor issue was observed in NOAA-20 SR inputs (i.e., drop-out)

• NOAA-20 VI products are highly consistent with SNPP VI 
products

• NOAA-20 GVF values are slightly lower than NDE SNPP GVF 
values (bias=0.03). Calibration is needed after one year of data 
accumulation

• NOAA-20 GVF products are highly consistent with SNPP GVF 
products (R=0.97)

• VI QF1-QF4 structure should be improved

• GVF quality flag layers should be added. 
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Known Issues

Significant differences were found 
between NDE SNPP and IDPS SNPP 
reflectance data

• Near-coincident observation pairs used 
for the comparison: NDE, IDPS, and 
MODIS

• Data Days: June 28, June 30, and July 3, 
2018

• Computed the three difference statistics 
for eight view zenith angle bins

0o – 7.5o       for backward & forward
20o – 27.5o for backward & forward
40o – 47.5o for backward & forward
55o – 62.5o for backward & forward

Randomly selected ~2400 pairs out of all pairs 
found for each view zenith angle bin

Spatial Distribution of Random Samples:

IDPS vs. MODIS

NVPS vs. MODIS
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NDE  vs. MODIS                                                                          IDPS vs. MODIS 

TOC NDVI

TOC EVI

TOC NDVI

TOC EVI

Known Issues
0o – 7.5o for backward
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NDE  vs. MODIS                                                                          IDPS vs. MODIS 

TOC NDVI

TOC EVI

TOC NDVI

TOC EVI

Known Issues
40o – 47.5o for backward
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GVF Comparison: NDE vs. IDPS

Known Issues

• The inconsistency between IDPS SR and NDE SR lead to the adjustment GVF
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Known Issues

• NDE and IDPS difference statistics indicated :
―No significant difference in TOA NDVI between NDE and IDPS
―Significant difference in TOC NDVI and EVI between NDE and IDPS 

― with their MD exceeding -0.1 NDVI units (NDE TOC NDVI lower than the IDPS 
counterpart)

― with their MD ~ -0.07 EVI units (NDE EVI lower than IDPS EVI)

Mode detail: 
―Nearly no difference in I1 and I2 TOA reflectances between NDE and IDPS
―Large difference in I1 TOC reflectance between NDE and IDPNS
―Some difference in I2 TOC reflectance between NDE and IDPS
―Little difference in M3 TOC reflectance between NDE and IDPS

• Cross-comparison of NDE and IDPS with MODIS indicates:
 NDE SR products appear inconsistent from IDPS and MODIS SR products
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Path Forward to Provisional
• Algorithm improvement

― VI product: product layer order (i.e., EVI_TOC) adjustment
― VI product: quality flag improvement (i.e., tool development for retrieval of bits 

information)
― VI  product: latitude and longitude layers removal as they are redundant 
― GVF product: latitude and longitude layers removal as they are redundant 

• Global /Comprehensive Validation
― VI product: Global in situ data collection (e.g., flux tower VI measurements)
― VI product: Cross-comparison against MODIS Aqua VI observations
― GVF product: Compare the GVF observations with those from high resolution data (e.g., 

Landsat)
― GVF product: Compare the phenology identified from NOAA-20 GVF time series against 

that from SNPP and MODIS GVF time series

Provisional release of VI/GVF EDRs by February, 2019

• VIIRS  VI & GVF product outreach to users
― NCEP: Yihua Wu; Weizhong Zheng, Tonya Young
― NESDIS/STAR: Xiwu Zhan
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Science Maturity Check List Yes ?

ReadMe for Data Product Users Yes

Algorithm Theoretical Basis Document (ATBD) Yes

Algorithm Calibration/Validation Plan Yes

(External/Internal) Users Manual Yes

System Maintenance Manual Yes

Peer Reviewed Publications
(Demonstrates algorithm is independently reviewed)

In preparation

Documentations (VI and GVF)
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Check List - Beta Maturity (VI and GVF)

Beta Maturity End State Assessment

Product is minimally validated, and may still contain 
significant identified and unidentified errors

Yes.

Information/data from validation efforts can only be 
used to make initial qualitative or very limited 
quantitative assessments regarding product fitness-
for-purpose

Yes. The validation is based on a limited data set and     
limited time period. The statistics is not significant 
enough for a sound quantitative evaluation yet.

Documentation of product performance and 
identified product performance anomalies, 
including recommended remediation strategies, 
exists

Yes
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Path Forward to Provisional
― GVF product: development of quality flag information

• Global /Comprehensive Validation
― VI product: Compare the phenology identified from NOAA-20 VI time series with that 

from SNPP and MODIS VI time series
― GVF product: Compare the GVF observations with those from high resolution data (e.g., 

Landsat)
― GVF product: Compare the phenology identified from NOAA-20 GVF time series against 

that from SNPP and MODIS GVF time series
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Future Plan

• Near-term
― Provisional Maturity early 2019
― VI QF reorganization
― GVF product: build up necessary QFs.
― VI & GVF operational code merge, redundant removal
― Local monitoring system build up

• Mid-to-long term
―Full evaluation of updated science algorithm and code
―Validated Version status by February, 2020
―High resolution global data needs? 
―Validation tool, dataset update build up
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Thanks for Your Attention
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