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Rationale 

• Short- and long-term satellite validation is a MUST! 
 ↔ continuous  validation is a wearisome business 
• The procedures for validation must be ‘standardized’ and 

traceable 
⇒ automatic processes    
• Validation requires availability of (network) reference data  

• Ensure long-term quality: 
 ⇒ Quality assurance protocols 
• Network consistency 
• Timely data delivery 
• Data characterisation and documentation 
 ⇒  Metadata, guide for use,  
 quantitative and documented uncertainties 

• Similar needs exist for model validation, e.g., Copernicus 
Atmosphere Service data products 
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An answer ? NORS 

NORS : Demonstration Network Of ground-based 
Remote Sensing Observations 
in support of the Copernicus Atmospheric Service 
(MACC-II) 
EU FP7 project, coordinator: M. De Mazière 
• Start: Nov. 1, 2011 
• Duration: 33 months, i.e., up to July 2014  
• Objective:  

 To perform the required research and 
developments for optimizing the NDACC 
data for the purpose of supporting the 
quality assessments of the CAS    

  ⇒ Research part 
 To develop and implement a Web-based 

Validation Server of the MACC-II (CAS) 
products using the NORS data products 

  ⇒ Operational part 
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NORS builds on NDACC  

• International Network of more than 70 atmospheric 
observatories 

• Operational 
    since 1991 
• Objectives: 
 Research 
 Validation  
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NORS builds on NDACC capabilities 

Techniques:  LIDAR, FTIR, UV-Vis DOAS, MW, Dobson, Brewer, O3 sondes 
  Spectral UV 
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NORS data products & 
techniques 

• Target NORS data products  
 tropospheric and stratospheric ozone columns and 

vertical profiles up to 70 km altitude 

 tropospheric and stratospheric NO2 columns and 
profiles 

 lower tropospheric profiles of NO2, HCHO, aerosol 
extinction 

 tropospheric and stratospheric columns of CO 

 tropospheric and stratospheric columns of CH4  
 

• 4 NDACC observation techniques + in-situ surface 
monitoring:  
Lidar, MicroWave, FTIR, UV-VIS DOAS  
+ in-situ surface monitoring 
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Research results  
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Research (1) 
• Development of a methodology for integrating ground-based 

data sources to provide consistent ozone vertical distribution 
time series as well as tropospheric and stratospheric ozone 
columns (WP6) 
 ⇒ to provide full vertical information that is representative 
of, e.g., alpine station  

 
• Validation and integration of tropospheric composition 

measurements (in-situ surface and remote-sensing 
measurements) (WP5) 
 ⇒ for comparison to satellite data  

 
• (MAX)DOAS technique: 

• Advances in cloud detection and filtering techniques 
• Advances in tropospheric NO2 and aerosol measurements  
• … 

 ⇒ for delivering new/improved data products from the 
network 
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Research (2) 

• Consistency checks between DOAS and FTIR data for NO2 
(presented in 1st year) and HCHO 
 ⇒ complementarity between techniques 

 
• Consistency checks between CO from NDACC (MIR) and 

TCCON (NIR) observations  
 ⇒ use of both networks for validation of satellite and 
MACC data  

 
• Advances in uncertainty budget evaluations and reporting 

 ⇒ E.g., in FTIR community: Workshop in January 2013 to 
 discuss common (to network) uncertainty evaluations tools 
 (S/W codes integrated in data processing codes) 
  

• Consistency checks between NORS products and satellite data 
used in MACC 
 ⇒  Better understanding of quality of MACC assimlilation 
 analyses 
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Research (3) 

 
• Significant progress in characterisation of data 

representativeness (i.e., location and volume of probed 
airmass) 
• Especially for MAXDOAS and FTIR observations 

 
• Documentation  

 Data User guide  
 Uncertainty budgets 
 Data representativeness 

 
These documents are available on NORS and NDACC 
Webpages 
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Operational part 
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Operational part (1) 

• Rapid delivery – within < 1 month after data 
acquisition) of the NORS (NDACC) data to the RD 
directory on the NDACC DHF 
 

• Consolidated data and reanalysis data are submitted to 
usual station directories on NDACC DHF 
 

• Requirement: GEOMS HDF format according to 
templates (including uncertainties) 
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Operational part (2) 
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Operational part (3) 

Development of generic, advanced and consistent 
intercomparison tools for NDACC versus model data 

e.g., Accounting for vertical averaging  (AVK) 
e.g., accounting for data representativeness  
e.g., accounting for diurnal variation of strato- NO2 
e.g., consistent interpolation and regridding methods 
e.g., consistent reporting  
e.g., uncertainties included 
….. 
 Described in “Description of algorithms for the 

NORS Validation server” (to be published) 
 Available as python routines 
 Implemented in NORS Validation Server (NVS) 

 
This development can easily be re-used for development of a 
generic tool for satellite validation  
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Example 

 

 QA4EO cal/val best practices , implemented in real life  
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Operational Part (4) 

NORS Validation Server 
 
http://nors-server.aeronomie.be 
 
It takes  
HDF data from the NDACC database 
& MACC-II model data from the MARS archive,  
 
⇒ creates automatic validation reports generation  
 + on-demand comparisons (other data, other models, other 
validation parameters, ….) and reports for VIP users 
 
 Publicly available  
 linked to the MACC-II Webpages  
http://www.copernicusatmosphere.eu/services/aqac/global_verification 
  

 Gi  di t f db k t  d t  id  d  
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Operational Part (5) 

Automatic means what ? 
 
As soon as new NDACC data are available in NDACC station 
directories or RD directory on NDACC DHF,  
in GEOMS HDF,  
 
they will show up on the Validation Server  
and intercomparison reports will be available on NVS 
 
Plus + 
Immediate feedback to data providers 
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NORS Validation Server 
(NVS) 

• Screen shot of validation server 
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NVS reporting examples 

⇒ Profile, partial column and total column intercomparisons 
 always limited to sensitive altitude range 
 
⇒ +report including statistics 

 
⇒ Care for traceability   
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NORS Validation Server 
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O3 25-60 MWR versus 
MACC fl52 model 
@ Ny Alesund 
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O3 25-60 MWR versus 
MACC fl52 model 
@ Ny Alesund 
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NyAlesund & Bern 
               MW 
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NO2 stratospheric columns 
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MAXDOAS aerosol extinction 
@ Xianghe  
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MAXDOAS AOD (0-4km) @ Xianghe  
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MAXDOAS AOD (0-4km) @ Xianghe  
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Future (1/4) ? 
1. a. More NDACC stations and candidate NDACC stations 
(e.g., Xhianghe, Addis Abeba, …) are joining the effort 
 
1. b.  Expand target products, e.g., H2O from microwave 
radiometers 

 
2. Question of sustainability   
(a) between FP7 and Copernicus operational phase  
 ⇒ MACC-III 
(b) in the operational phase of the CAS 

⇒  of the server and the NDACC data themselves ? 
 
 
 
 

Space Agencies and the Copernicus initiative should 
contribute to supporting the in-situ component for 
calibration/validation 
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Future (2/4) 

 
 
 

GMES Atmosphere Core Service (GACS) Implementation Group  – Final Report’, April 2009.  

“ Cal/val 
activities in 
relation to 
Core Service 
products fall 
entirely 
within the 
GACS”  
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Future (2/4) 

 
 
 

GMES Atmosphere Core Service (GACS) Implementation Group  – Final Report’, April 2009.  
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Future (3/4) ? 

It states explicitly  
(1) that the validation activities of CAS products are an 
integral part of the GACS (blue in figure): 
 
“Cal/val activities in relation to Core Service products fall 
entirely within the GACS”  

 
(2) that the validation of the upstream satellite data is the 
responsibility of the Space Agencies: 
 
“Monitoring the observations quality and availability is part 
of the (Copernicus Atmosphere) Core Service”, and, “Space 
agencies should be responsible for cal/val activities with 
regard to (single-instrument) space observations.”  
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Future (4/4) ? 

3. Build on NORS developments  
(algorithms, server design concept, QA4EO best practices) 
to develop a more comprehensive validation environment  
⇒ Expand the reference data set to other datacenters 
⇒ Expand the products to be validated to satellite data  
 by adding the read tools and collocation tools for 

satellite data that were developed previously in the 
frame of GECA (ESA Generic Environment for 
Calibration/Validation Analysis) 

 
⇔ Achieve finally a comprehensice calibration/validation 
environment for the EO atmosphere component 
 with Copernicus support (EU and ESA) 

+ EU H2020 support for R&D for extension 
+ additional agencies (CEOS) support ?  
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NVS Design (cont.) 

• Server back-end retrieves model data from MACC, NORS 
data from NDACC; extracts and maintains metadata 
catalog  

• Arrival of new products triggers incremental validation 
process that generates database of intermediate results 
and outputs 

• Core validation chain algorithms built on top of an 
expanded GECA intercomparison set of command-line 
tools 
 Includes tools for NO2 diurnal correction (under 

development) and effective airmass calculations 
(already available for FTIR observations)  

 And others in future…. 
• Server provides web application front-end that supports 

all use cases: user can browse outputs, generate default 
reports, request custom reports 
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HCHO from FTIR and MAXDOAS  
Courtesy: B. Franco et al., ULg  

FTIR 
MAXDOAS 
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HCHO from FTIR and MAXDOAS  

FTIR + 40% 
MAXDOAS 
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CO from FTIR MIR and NIR 

• Consistency checks between CO from NDACC (MIR) and 
TCCON (NIR) observations  

Prelimlinary 
direct 
comparison 
without 
accounting 
for AVK 
 
Very good 
agreement 
 
 

Courtesy: B. Langerock & F. Desmet, BIRA  



M. De Mazière                                  CEOS WGCV-37, ESRIN, 17-20 Feb. 2014 

Tropospheric NO2 from DOAS 

Courtesy: F. Hendrick et al, BIRA 

Data taken during Cindi campaign, 
Cabauw, June/July 2009 
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Representativeness 
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Percentage of 
column 

Latitude (°) Longitude East 
(°) 

Altitude (km) Distance (km) 

0 -20,900 55,480 0,05 0,0 
20 -20,906 55,511 1,8 3,3 
40 -20,912 55,546 3,8 7,0 
60 -20,921 55,596 6,6 12,3 
80 -20,934 55,666 10,6 19,7 

Table 1. Example of a ray tracing output for an FTIR measurement of CH4 at St Denis (-20.9°S, 55.5°E), 
Ile de La Reúnion, on 25/1/2011 04:04 UT for a solar zenith angle of 62° and an azimuth angle of 101° 
measured from N (0°) to E (90°). The Table provides the geographical location of the points along the 
line of sight corresponding to a percentage of the total CH4 column. 

FTIR 
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NVS Design 
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Examples: CO FTIR profiles 
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Examples: CO FTIR profiles 
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NORS Validation Server (NVS) 

Screen shot of validation server 
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NORS Validation Server 

 

traceability 



M. De Mazière                                  CEOS WGCV-37, ESRIN, 17-20 Feb. 2014 

O3 25-60 MWR versus 
MACC fl52 model 
@ Ny Alesund 

fl52 model = 
coupled NRT run 
without DA using 
CB05 tropo chem. 
(no aerosol) 
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O3 25-60 MWR versus 
MACC fl52 model 
@ Ny Alesund 
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O3 25-60 MWR versus 
MACC fl52 model 
@ Ny Alesund 
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