
RadCalNet 
Status 

 
 
 
 

M. Bouvet on behalf of the RadCalNet WG 



Outline 

•  Why a network rather than independent instrumented sites for radiometric 
calibration? 

•  The context  
•  Who is involved in establishing RadCalNet? 
•  The shared vision of RadCalNet 
•  The sites 
•  RadCalNet input and output data  
•  The RadCalNet processing 
•  The data circulation 
•  The portal 
•  The data policy 
•  The intercomparison of RadCalNet sites using Landsat 8 and SPOT-5  
•  The next steps 

•  From a prototype network to an operational network 
•  Candidate sites => guidelines 

 



Why a new network of instrumented sites dedicated to the radiometric calibration 
of EO optical sensors? 
•  To support the establishment of the Global Earth Observation System of 

Systems by providing measurements to verify the radiometric consistency 
between EO space sensors 

•  To collect surface and atmospheric data necessary for the simulation of 
observations by EO high spatial resolution optical sensors and thus verify their 
radiometric calibration 

•  To increase the number of matchups between in-situ measurements and space 
sensor observations and reduce the overall uncertainties (and reduce the 
efforts of individual agencies)  

•  To ensure traceability of the space sensor radiometry to the “Système 
International” (SI) 

•  To provide space organisations with an opportunity to calibrate their sensors in 
orbit when they do not have the resources to perform their own vicarious 
calibration activities 

•  To provide guidance on ensuring SI-traceability and developing instrumented 
ground sites for use in vicarious calibration 

Why RadCalNet? 



The context -  GEOSS/GEO/QA4EO 

QA4EO established at the request of  GEO:  
•  Key principle is that  “all EO data and derived products should have 

associated with them a quality indicator,” based on a documented 
quantitative assessment of its traceability to internationally agreed 
upon reference standards (ideally SI units) 

 
GEOSS requires: 
•  Traceability enables interoperability of data from EO systems.  
•  Calibration and characterisation of EO instruments, and in particular 

their relative radiometric biases, are vital to developing integrated 
GEOSS  

 



The context – CEOS/WGCV/IVOS 

In 2013, it was decided by the CEOS/
WGCV/IVOS WG tha t su f f i c i en t 
resources could be put together to give 
it momentum. It was agreed to set up 
the RadCalNet WG. 
 
The first RadCalNet WG meeting took 
place at ESTEC on 13th and 14th of 
January 2014. 

RadCalNet has been on the CEOS/WGCV/IVOS WG agenda for years and it 
inherits from the earlier concepts such as GIANTS (Phil Teillet’s approach 
to site characterisation) 



Who is involved in establishing 
RadCalNet? 

RadCalNet WG members at 3rd meeting (NPL, UK): 
•  AOE (China) (C. Li, L. Ma, L. Tang, N. Wang)  
•  CNES (P. Henry, A. Meygret) 
•  ESA (M. Bouvet, P. Goryl) supported by 

Magellium (B. Berthelot) 
•  NASA (K. Thome, B. Wenny) and University of 

Arizona (J. Czapla-Myers) 
•  NPL (N. Fox, E. Woolliams) 

RadCalNet WG objectives: 
•  Define the detailed architecture of RadCalNet 
•  Demonstrate RadCalNet operational concept with the currently available 

infrastructure and resources 
•  Provide recommendations to CEOS/WGCV/IVOS and CEOS/WGCV for evolution 

of RadCalNet towards an operational network 



The initial contributions to 
RadCalNet 

•  NASA, CNES and AOE offered each a site 
•  CNES and Magellium made study to define a methodology for the 

identification at global scale of the best locations for RadCalNet-like 
sites 

•  ESA initiated the ACTION study (run by NPL and Magellium) to: 
ü  Identify, characterise and equip a 4th site jointly operated by 

ESA and CNES.  
ü  Support the emergence of a prototype RadCalNet: data 

circulation, portal, support to the RadCalNet WG 
•  NASA offered to host the processing of the in-situ surface and 

atmosphere data into TOA reflectance 
•  NPL offered support across the RadCalNet sites owner writh respect to 

harmonization, traceability of the measurement protocol, instrument 
calibration and QA4EO => uncertainty budgets 



The shared vision of RadCalNet 
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The sites 

•  Currently 3 instrumented are providing data to RadCalNet: 
ü  Baotou (China) 
ü  La Crau (France) 
ü  Railroad Valley Playa (US) 
 
 
 
 
 
 
 
 



Baotou 

•  Three automated reflectance spectrum measurement systems have 
been installed + sun photometer 

•  Artificial target (3 colours) 
•  All the data from these three systems is being transferred directly 

to Beijing since OCT 25, 2015.  
•  Uncertainty analysis ongoing.    
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La Crau 

 
 
 
 
 
 

•  Instrument: CIMEL photometer (12 
bands)  

•  Surface type: pebbles and low vegetation 
•  Site used since 1987 for calibration and 

instrumented since 1997. 
•  Running operationally 
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! CIMEL photometer

! 9 filters
! 2 collimators equipped with 2 detectors: Si et InGaAs

 n° 1 2 3 4 5 6 7 8 9 10 
λ(nm) 1020Si 1600 

InGaAs 870Si 670Si 440Si 550Si 1020 
InGaAs 937Si 380Si 740Si 

 

ROSAS
The instrument

* SPOT bands
* Atmospheric bands
* Radiance calibration
* Surface characterization



Railroad Valley Playa 

 
 
 
 
 
 

•  4 radiometers (GVRs) + sun photometer  + met station 
•  Surface type: dry lakebed 
•  UoA has 20+ years working experience on the site 
•  Site operational with data set via sat link 

 
 
 
 
 
 



The sites 

•  Since the beginning of the WG activities, significant efforts 
dedicated to: 

ü  Operationally running the sites  
ü  Defining measurement uncertainties: NPL supports the 

RadCalNet sites in terms of harmonization, traceability of 
the measurement protocol, instrument calibration and 
QA4EO  
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ROSAS
The instrument

* SPOT bands
* Atmospheric bands
* Radiance calibration
* Surface characterization



The sites: a fourth site  

•  A European contribution to RadCalNet: ESA/CNES will contribute this site 
supported by NPL. 

 
•  Site identification was based on a methodology developed through a CNES 

contract with MAGELLIUM (France) (Final report: Test site identification for 
radiometric calibration, B. Berthelot, E. Hillairet, 2013) a set of global 
criteria were defined to identify a fourth ESA/CNES site: 

ü  At least 30 % of clear sky days (based on ECMWF data) 
ü  Terrain slope < 2 % within 10 km x 10 km (SRTM DEM) 
ü  Spatial homogeneity within 10 km x 10 km < ~ 3 % (based on 

MODIS White sky albedo data in NIR) 
ü  Additionally, other parameters were collected: aerosol load, 

altitude 
•  Regionally then, spatial homogeneity within 1 km x 1 km < ~ 3 % (based 

on 1 year of OLI data) 
 
 
  
 



The sites: a fourth site  

% of cloud free days in the period July 2012 to June 2013 (original data 
from ECMWF Total Cloud Cover, courtesy S. Marcq (CNES)). Map 

thresholded at 30% 
 
  
 



The sites: a fourth site 

We have focused on regions: 
•  Australia  
•  Chile 
•  Morocco 
•  Saudi Arabia 
•  Tunisia 
•  Turkey 
•  South Africa / Namibia 

⇒  >20 TB of data (essentially L8) resulted into reports for each region  
⇒   Then boiled down to 87 sites for which full details where compiled: 

cloudiness, flatness, altitude, spatial homogeneity…. BUT also closest 
city, accessibility, GSM coverage.   

See http://calvalportal.ceos.org/test-sites/radcalnet-prototyping 



The sites: a fourth site 

 
  
 

http://calvalportal.ceos.org/test-sites/radcalnet-prototyping 



The sites: a fourth site 

•  Green areas: areas for which the 1 km scale spatial homogeneity test 
is satisfied for 75% and 100% of the L8 cloud free acquisitions. 

•  Red areas: areas for which the 10 km scale spatial homogeneity test 
is satisfied for 75% and 100% of the MODIS cloud free data. 

•  Yellow pins are: areas identified as promissing 



The sites: a fourth site 

Gobabeb (Namibian desert) 
•  51 % of clear days 
•  85% of days with AOT < 0.2 
•  Altitude 470 m 
•  Cover type: sparse dry grass and gravel/sand 
 



The sites: a fourth site 



The sites: a fourth site 

Instrumentation: 
•  A photometer (model similar to La Crau) was purchased and fully 

characterised by NPL (spectral, absolute radiometric, temporal stability, 
temperature stability, geometric) 

•  Additionally: met station 

 
The plan at Gobabeb is to: 
•  Characterise the site (NPL + CNES team) => 23rd of Nov. 2015  
•  Set up the instrumentation + mast (Q2 2016) 

 



RadCalNet output data  

RadCalNet output is the TOA reflectance: 
•  30 minute intervals 
•  9 am to 3 pm local standard time 
•  Nadir view only 
•  10-nm intervals at least between 400 nm and 1000 nm and possibly 

can beyond (up to 2500 nm) 

 



RadCalNet input data  

 

RadCalNet inputs are: 
1.  The surface reflectance: 
•  30 minute intervals 
•  9 am to 3 pm local standard time 
•  Nadir view only 
•  10 nm intervals from 400 nm to 2500 

nm (=goal) or at least between 400 nm 
and 1000 nm + uncertainty 

 

 



RadCalNet input data  

 

2.  Concomitant atmosphere data for the TOA propagation: 
•  Pressure + uncertainty 
•  Temperature + uncertainty 
•  Total column water vapour + uncertainty 
•  Total column ozone + uncertainty 
•  Aerosol optical thickness + uncertainty 
•  Aerosol Angstrom exponent + uncertainty 
•  Aerosol Type (following MODTRAN options) 

 

 



The RadCalNet processing 

•  Hosted by NASA/GSFC and based on 
Modtran 5  

•  Parameterisation of the code will be fully 
documented 

•  Key assumptions of the RadCalNet 
processing: 

•  Lambertian surface 
•  Aerosol optical properties based on 

pre-defined types 
•  Pre-defined atmospheric profiles 

•  On-going work on how to propagate the 
surface / atmosphere uncertainties to TOA 
uncertainties 

•  QC mostly inherited from site .input files 
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The data circulation… today in 
practice  
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The portal 

 
 

Not open to public yet! 



Data policy 

•  Publically available 
•  Free 
•  Acknowledgment of RadCalNet and site owners 



RadCalNet membership for new sites 
(draft criteria) 

•  Surface and atmosphere measurements shall be carried out operationally at the 
site 

•  A minimum amount of data (days) shall be provided (to be defined). 
•  Sites should be at least 45 x 45 m2   
•  Site providers must provide documented description of their characteristics, and 

ideally should follow examples on the RadCalNet site: measurement protocols, 
instrument description, calibration (SI traceability) strategy and detailed 
uncertainty  

•  Site providers should be prepared to have documents subjected to peer review 
and also to ensure consistency with other RadCalNet sites by participation in 
comparisons through use of travelling reference standards (e.g. reflectance 
panels) 

•  Instrumentation: must enable representative hyper-spectral surface reflectance 
@ 10 nm intervals, at nadir, on a 30 minute cycle (+/_ 3 hrs of local noon) over 
at least the spectral range 400 to 1000 nm and delivered at least daily to the 
RadCalNet FTP site.  

•  Instrumentation (continued): aerosol optical thickness and Angstrom exponent, 
air temperature, pressure, total column water vapour and total column ozone. 

•  Site providers must adhere to the data format specified by RadCalNet (available 
on the portal) 

•  Sites must be offered to RadCalNet for a minimum of 5 yrs. 



The intercomparison of RadCalNet 
sites using SPOT-5 and Landsat-8 

•  An intercomparison is being done between: 
ü  Remote sensing TOA data: Landsat-8 /SPOT-5 

(Take-5) / Sentinel-2 
ü  TOA simulations from the sites (from RadCalNet and 

from site owners own TOA simulation tools) 

•  Objective: 
ü  Demonstrate the RadCalNet concept 
ü  Identify site-to-site differences using the space sensors 

as transfer radiometers 



Next steps 

•  Consolidate RadCalNet building blocks (4th site, processing, 
data circulation, portal)  

•  Consolidated the documentation: site documentation, 
processing description, data format, data policy, membership 
criteria, a reference RadCalNet paper 

•  Intercomparison of the RadCalNet sites using Landsat-8/
SPOT-5/Sentinel-2   

•  Open the portal to beta users (Q3 2016) 
•  Go operational (Q1 2017) 
•  Open the network to new sites 



Questions? 


