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Goal: evaluate the ability of commercial very high resolution (VHR) imagery to
develop approaches for remote sensing of canopy chlorophyll content (Chl), and 
evaluate the uncertainties, as they vary among different vegetation types and 
structures and in response to seasonal and environmental changes. 
• O1: evaluate the radiometric stability of the VHR commercial imagery 

containing red edge bands (WV-3, -4 and RapidEye), as compared to ground 
measurements of stable targets 

• Q2: test the VHR data ability to provide consistent VIs to develop stable, 
transferable algorithms and derive TOC Chl estimates 
The accuracy of the estimates will be compared to satellite (L-8 and S-2) and field 

TOC Chl estimates across the phenology for crops and forests.
We will assess the ability of the Planet SkySat constellations to provide accurate 

characterization of canopy topography and structural BRDF parameters. 

• Expected data usefulness and benefits: 

Objectives (O)



Expected data usefulness and benefits: 
The research will evaluate the potential to generate VHR multi-temporal maps 
of TOC Chl at a resolution that exceeds Global Climate Observing System 
(GCOS) Land ECV by a factor of 10x when using VHR. 
Successful mapping of chlorophyll content at higher spatial resolutions (1-10 m) 
has applications to support precision agriculture as well as being able to delineate 
characteristics of smaller fields found in developing countries. Further, spatial 
variability in chlorophyll can identify the change in productivity of natural 
ecosystems at the scale of tree crowns, useful information for describing forest 
phenology and biodiversity. 
The commercial satellite data have the potential to directly address Decadal 
Survey 2017 and NASA Ecosystem science and application questions by 
quantifying the distribution of functional traits such as TOC Chl and canopy 
BRDF spatially and over time, and potentially contributing for generating high 
temporal resolution maps, by combining observations from multiple satellites. 

Objectives (O)



Technical Approach - Comparisons Research FOCUS
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Technical Approach – Calibration and Validation 



Data Requested and Status

• Study Sites and Region 



Data Requested and Status

• Data download status and plans:
• Data type: DigitalGlobe WV-2,-3 and -4, SkySat and RapidEye – specifics on 

next chart
• Amount of data: 

• May-October, 2015-2019 including
• Downloaded 2017  for primary sites
• Going over 2015 and 2018 images to select

• Issues or challenges in downloading the data:
• Cloud cover obscuring the sites
• Issue extracting the files – cannot open the *.zip files (36.4 %)



Data Requested (Specifics)

• VHR Data  Requests – existing and new acquisitions (2019)
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• Preliminary data evaluation: Clred = n/re - 1

Preliminary Results



Next Steps

• Data analysis

• Validation

• Algorithms 

• Enhancing LCLUC science



Next Steps

• Data analysis
• Spectral  analysis
• Spatial analysis

• Algorithms 
• Calculate VIs
• TOC Chl calibration
• Transferability

• Validation
• Evaluation against field data
• Evaluation against TOC Chl estimates from HLS

• Enhancing LCLUC science

Index wl fwhm expr convolution  
NDVI 800;670 10;10 (a-b)/(a+b) mean
PRI 531;570 2;2 (a-b)/(a+b) mean
MTCI 754;709;681 7;10;7 (a-b)/(b+c) mean  
EVI 800;670;480 10;10;10 2.5*(a-b)/(a+6*b-7.5*c+1) mean  
REP 670;800;700;740 10;10;10;10 700+40*((a+b/2)-c)/(d-c) mean
TCARI 700;670;550;670 5;5;5;5 3*(a-b-0.2*(a-c)*a/d) mean
REDCl 785;725 15;5 a/b-1 mean  
mCRI 510;725;785 5;5;15 c/(a-b) mean  
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