
Quality Control of Trace Gas Observations 

Martin Steinbacher 
  

Empa, Laboratory for Air Pollution / Environmental Technology & GAW Quality 
Assurance/Scientific Activity Centre (QA/SAC Switzerland), Dübendorf, Switzerland 

 
with contributions from NOAA-ESRL, ICOS & WCC-Empa 

NIES technical training course on greenhouse gases and air pollutants monitoring in Indonesia 
Tsukuba, 24 – 30 November 2019 



martin.steinbacher@empa.ch # 2 
NIES technical training course, Tsukuba, November 2019 

About me 

• Meteorologist (University of Frankfurt, Germany) 

• 2001 – 06/2004 PhD Fellow at the Laboratory of Atmospheric Chemistry, Paul Scherrer 
Institute, Villigen, Switzerland 

• Summer 2004: PhD in Atmospheric Chemistry at ETH in Zurich 

• Since July 2004: Scientist at Laboratory for Air Pollution / Environmental Technology, 
Empa, Duebendorf, Switzerland 

- Principal operator of the air quality observations within the Swiss National Air Pollution 
Monitoring Network at the GAW site Jungfraujoch 

- Head of  WMO/GAW QA/SAC Switzerland 
- Chair of the Atmospheric Monitoring Station Assembly of the Integrated Carbon Observation 

System 
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Quality Assurance / Science Activity Centre Switzerland 

Primary Tasks of QA/SAC-CH 

• research activities promoting technical progress and 
scientific data analysis,  

• twinning, support, capacity building, and training 
• contribution to GAW outreach,  
• networking / cooperation with other programmes / 

projects in line with the GAW strategy 
 
 

capacity building 

outreach 

science 

networking 

… 

GAW 
Implementation 
Plan 2016-2023, 
GAW Report 
Nr. 228, 2017 
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Rationale for training and capacity building 
Stations reporting CO2 data 

WDCGG Data Summary, No. 42, 2018 

“ … Building expertise in developing 
countries including the establishment of 
high-quality measurement capabilities 
remains a critical issue for achieving 
adequate spatial coverage of the globe 
in the coming decade. WMO and IAEA 
can make large contributions here 
through training courses, and 
stimulating partnerships between 
laboratories. …” 
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The long process of capacity building 

 advice for instrument selection 
 technical support / advice to set up measurement capabilities 
 regular on-site training 
 remote support / trouble shooting 
 facilitating the provision of spare parts 
 support for data processing / data submission 
 support for (research) proposal writing 
 support for scientific data analysis and publication 

A-priori: basic equipment / infrastructure available, willingness to perform high-
precision air quality observations in a pristine environment 

A-posteriori: fully autonomous monitoring station, high-quality data, good visibility 
in the GAW and the scientific community 

>
 10 years 



Planning of ambient air measurements 
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 Why are ambient air measurements needed?   

 Which compounds are of interest? 
 (gaseous compounds, particulates, deposition,  
 meteorological parameters) 

 What kind of data series are needed? 
 (continuous, discrete, time resolution, concentration range) 

 Where are measurements reasonable? 
 (representatives of air, avoid influence of undesirable sources) 

 When is the right time to measure? 
 (annual cycles of compounds, special weather conditions) 

Planning of ambient air measurements 
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Example – Bukit Koto Tabang 
greenhouse gas observations 

through flask sampling and in-situ monitoring 



martin.steinbacher@empa.ch # 9 
NIES technical training course, Tsukuba, November 2019 

Example – Bukit Koto Tabang 
greenhouse gas observations 

through flask sampling and in-situ monitoring 
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Example – Bukit Koto Tabang 
greenhouse gas observations 

through flask sampling and in-situ monitoring 
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Example – Bukit Koto Tabang 

long-term flask observations suitable for trend estimates 
continuous measurements allow gaining insight into local to regional processes 
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Measurement strategies 
• with sampling 
− online, automatic analysis at site (monitor) 
− quasi-online (e.g. automated GC) 
− offline, sampling at site, analysis in laboratory 
− integral sampling 
− spot sampling 

•  without sampling (remote sensing) 
− DOAS (Differential Optical Absorption Spectroscopy) 
− FTIR (Fourier Transformation Infrared Spectroscopy) 
− LIDAR (Light Detection and Ranging) 
− TDLS (Tuneable Diode Laser Spectroscopy) 
− … ca. 700 m

Sender Empfänger
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Useful documents 

http://www.wmo.int/pages/prog/arep/gaw/gaw-reports.html 

Global Atmosphere Watch (GAW) Programme: 25 years of global coordinated atmospheric 
composition observations and analyses 
https://www.wmo.int/pages/prog/arep/gaw/documents/GAW25_brochure_wmo_1143_en.pdf 
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Useful documents 

GAW Implementation Plan 2016-2023, 
GAW Report Nr. 228, 2017 
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Useful documents 

GAW Implementation Plan 2016-2023, 
GAW Report Nr. 228, 2017 
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Infrastructure Requirements 

Measurement site infrastructure 
 
 shelter 
 mast for free exposure of the inlet 
 reliable power supply 
 air conditioning 
 internet access 
 access to the station (365 days a year) 
 local support 
 … 

Instrument(s) and periphery 
 
 adequate GHG analyzer 
 periphery for automatic calibration 
 reference gases (cals, targets) 
 pressure reducers 
 plumbing (additional pumps, tubing, 

connectors, inlet hat, drying unit, …) 
 

 consumables, spare parts, backup 
instruments, … 



Quality control of ambient air measurements 
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GAW Quality Management Framework 
Elements of the Quality Assurance system, 

QA activities and workflow in GAW 

GAW Implementation Plan 2016-2023, 
GAW Report Nr. 228, 2017 

https://gawsis.meteoswiss.ch 

map of GAW stations 
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GAW’s Central Facilities – the Trace Gas Perspective 
GAW Central Facilities 

GAW Implementation Plan 2016-2023, 
GAW Report Nr. 228, 2017 
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Example – CCL for CO2 (NOAA-ESRL) 

slide: courtesy of Brad Hall (NOAA) 

For greenhouse gases, primary standards are prepared gravimetrically by mixing 
aliquots of pure gaseous or liquid reagents with ultra-pure air, 

and are calibrated manometrically by measuring temperature and pressure in well-
defined volumes of the whole air and the cryogenically trapped species of interest.   
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Propagation of the scale, from CCL to station 

https://www.esrl.noaa.gov/gmd/ccl/airstandard.html 

primary 
laboratory 
standards 

working 
standards 
(at station) 

station operators 

Central 
Calibration 
Laboratory 
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Traceability 
 make sure that you know your traceability chain 
 add this information to your data / metadata 

Data header 
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Targeted compatibility for greenhouse gases  within GAW 
Recommended compatibility of greenhouse gas measurements 

GGMT-2015 Report, 
GAW Report Nr. 229, 2016 rule of thumb: internal reproducibility goals is one half the network compatibility goals 
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Typical plumbing design for CO2 observations 

Frequency of calibrations depending on the time-scale of 
sensitivity changes of the analyzer 

ICOS Atmospheric Station Specification Document 
https://www.icos-ri.eu/documents/ATC%20Public 

air inlet 
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Calibration frequency for CO2 observations 

Zellweger et al., AMT, 2016 

“A thorough analysis of the CO2 and CH4 stability of [this type of cavity enhanced laser 
spectrometer] indicates that the optimal calibration frequency is approximately 30 h.” 

Allan deviation plots 
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Calibration frequency for CO2 observations 

ICOS ATC 
(Atmospheric Thematic 
Center), 
screenshots 

ICOS approach: Calibration only 2-3 times a months 
combined with very frequent target gas analysis  
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Network wide quality control 
 Round Robin Exercises for Greenhouse Gases 

5 circuits of 2 cylinders 
travelling around the world; 
44 participating labs (RR6)  

https://www.esrl.noaa.gov/gmd/ccgg/wmorr/ 
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Network wide quality control 
 World Calibration Centre for Surface O3, CO, CH4, and CO2 (WCC-Empa) 

 established in 1996, more than 90 audits since then 
 ensures traceability to the GAW reference and determines 

compatibility 
 assists stations with regards to instruments and measurement 

issues (WCC-Empa & QA/SAC-CH) 
 improves technical know-how at stations through on-site training 

(WCC-Empa & QA/SAC-CH) 
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Network wide quality control 
 World Calibration Centre for Surface O3, CO, CH4, and CO2 (WCC-Empa) 

https://www.empa.ch/web/s503/wcc-empa 
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Network wide quality control 
 World Calibration Centre for Surface O3, CO, CH4, and CO2 (WCC-Empa) 

WCC-Empa audit in Ushuaia (Argentina) 
(February 2016)  

Audit reports are publicly available at 
• https://gawsis.meteoswiss.ch/ 
• www.empa.ch/gaw, and 
• http://www.wmo.int/pages/prog/arep/gaw/other_pub.html 
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Traceability for surface ozone measurements 

 Each NIST Standard Reference Photometer (SRP) is a realisation of a Primary Standard 

 CCL is NIST, which maintains SRP#2 (=reference for GAW), but SRP#X is also a primary standard 

 The ‘SRP family’, which defines the  O3 reference, is inter-compared in an ongoing Key Comparison organized 
by BIPM (www.bipm.org) 
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Calibration (and auditing) of surface O3 analyzers 
Reference: Standard Reference Photometer (SRP) 
 
World reference: SRP #2 at National Institute for Standards and Technology 
 
Currently: approx. 60 SRPs worldwide 
 
Transfer standard / calibrator is calibrated against a reference photometer and  
used for the calibration of ozone instruments 
 
Traceability chain: 
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Operation and maintenance 
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Operation and maintenance 

Measurements and beyond 
 
 documentation, log books 
 metadata management 
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Operation and maintenance 

Measurements and beyond 
 
 documentation, log books 
 metadata management 
 preparation of checklists 
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Standard Operation Procedures and Checklists 
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Standard Operation Procedures and Checklists 
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Operation and maintenance 

Measurements and beyond 
 
 documentation, log books 
 metadata management 
 preparation of checklists 
 regular station updates in GAWSIS 
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Operation and maintenance 

Measurements and beyond 
 
 documentation, log books 
 metadata management 
 preparation of checklists 
 regular station updates in GAWSIS 

 
 use of common terminology 

 
 
 

https://www.empa.ch/web/s503/gaw_glossary 
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Data handling and analysis 

Data processing 
 
• automated procedures are 

encouraged 
• facilitates diagnostics and quality 

control 
• allows for re-processing of the data 

(e.g. in case of scale changes) 
 
 

Dafit, developped by Ludwig Ries, 
UBA Germany, http://www.gawstat.de/ 

ICOS atcqc, see Hazan et al., AMT, 2016  

other project-specific tools … 

source codes w/o graphical 
user interface  
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Data handling and analysis 

Data processing 
 
• automated procedures are 

encouraged 
• facilitates diagnostics and quality 

control 
• allows for re-processing of the data 

(e.g. in case of scale changes) 
 

• estimation of measurement 
uncertainty 
 
 
 

https://www.bipm.org/en/publications/guides/gum.html 
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Measurement uncertainty – ozone measurements 

O3 measurement guidelines, 
GAW Report Nr. 209, 2013 

Tarasick et al., 2019, Elemanta 

Intercept vs. slope plot for 559 calibrations of various 
ozone analysers with transfer standards within the Swiss 

National Air Pollution Monitoring Network between 
November 2005 and April 2017 
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Practical examples 
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Do not delete negative values 
Negative mixing ratios are impossible by definition but are still likely to be recorded by analyzer when the 
atmospheric levels are lower than the instrumental noise. However, do not delete these numbers as a removal 
will change the calculated averages. 
 

Low concentrations, noisy analyzer 
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Negative mixing ratios are impossible by definition but are still likely to be recorded by analyzer when the 
atmospheric levels are lower than the instrumental noise. However, do not delete these numbers as a removal 
will change the calculated averages. 
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Do not delete negative values 
Negative mixing ratios are impossible by definition but are still likely to be recorded by analyzer when the 
atmospheric levels are lower than the instrumental noise. However, do not delete these numbers as a removal 
will change the calculated averages. 
 

Low concentrations, noisy analyzer Low concentrations, less noisy analyzer 

average 
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Do not delete negative values 
Negative mixing ratios are impossible by definition but are still likely to be recorded by analyzer when the 
atmospheric levels are lower than the instrumental noise. However, do not delete these numbers as a removal 
will change the calculated averages. 
 

Low concentrations, noisy analyzer Low concentrations, less noisy analyzer 

average average 
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Do not delete negative values 
Negative mixing ratios are impossible by definition but are still likely to be recorded by analyzer when the 
atmospheric levels are lower than the instrumental noise. However, do not delete these numbers as a removal 
will change the calculated averages. 
 

Low concentrations, noisy analyzer 

average average 

Low concentrations, less noisy analyzer 
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Do not delete negative values 
Negative mixing ratios are impossible by definition but are still likely to be recorded by analyzer when the 
atmospheric levels are lower than the instrumental noise. However, do not delete these numbers as a removal 
will change the calculated averages. 
 

Low concentrations, noisy analyzer Low concentrations, less noisy analyzer 

average average 

average, > 0 only 
average, > 0 only 
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Do not change instrument parameters to often 
Assumption: instrument with a changing background signal, determined by analysis of trace gas-free air 
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Do not change instrument parameters to often 
Assumption: instrument with a changing background signal, determined by analysis of trace gas-free air 
 

zero check 
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Do not change instrument parameters to often 
Assumption: instrument with a changing background signal, determined by analysis of trace gas-free air 
 

zero check 

zero check zero check 
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Do not change instrument parameters to often 
Assumption: instrument with a changing background signal, determined by analysis of trace gas-free air 
 

zero check 

zero check zero check zero check 
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Do not change instrument parameters to often 
Assumption: instrument with a changing background signal, determined by analysis of trace gas-free air 
 

zero check 

zero check zero check zero check 

If instrumental parameters will be changed after each calibration, additional noise my be introduced and a 
reprocessing of the data will become more tedious. Moreover, careful documentation is required. 
 
Alternatively an offline correction may be applied 
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Flag data after changing the sample type 
When changing from ambient air to calibration gas, or from one 
calibration gas to another, do exclude the first data after the change 
to account for the transition time until a stable signal is reached. 
 

valve 
position 111111111222222444445555556666668888881111111 
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Use target references 
Target reference is a known sample which is 
considered to be unknown and is treated like an 
ambient air sample. 
Target references do not need to be of the 
highermost hierarchy, thus, are usually less 
expensive and can be used up faster. Therefore, 
more frequent analysis is possible, which will in turn 
allow fast detection of instrumental artefacts. 
 
 
 
Your processing software needs to be able to 
distinguish individual calibrations (which do all have 
the same valve position (flag)). 



Useful tools for data interpretation 
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Comparison with other measurements 

Additional quality control 
 
• participation in comparison (e.g. round robin) exercises 
• comparison of data with data from «similar» stations 

source: WDCGG Data Summary 42, 2018 
https://gaw.kishou.go.jp/ 
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Comparison with other measurements 

Additional quality control 
 
• participation in comparison (e.g. round robin) exercises 
• comparison of data with data from «similar» stations 

source: WDCGG Data Summary 42, 2018 
https://gaw.kishou.go.jp/ 
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Comparison with other measurements 

Data, Jungfraujoch 
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Comparison with other measurements 

Data, Jungfraujoch 



martin.steinbacher@empa.ch # 62 
NIES technical training course, Tsukuba, November 2019 

Data handling and analysis 

Additional quality control 
 
• participation in comparison (e.g. round robin) exercises 
• comparison of data with data from «similar» stations 
• use available online tools for trajectory calculations, e.g. 

 

https://projects.nilu.no//ccc/ http://lagrange.empa.ch/ https://ready.arl.noaa.gov/hypub-bin/trajtype.pl 
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Comparison with and use of models 



Wrap up 
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What do we need for in-situ GHG observations? 
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What do we need for in-situ GHG observations? 
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What do we need for in-situ GHG observations? 
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What do we need for in-situ GHG observations? 
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Obstacles 

 lack of consumables 
 lack of spare parts 
 lack of budget, lack of financial authority 
 hierarchy issues within the organisation 
 (long-term) commitment of the partner 
 insufficient know-how 
 distance to the headquarters 
 unclear responsibilities within an institution 

and among the partners 
 fluctuation in staff 
 language barriers 
 … 

© ClipartPanda.com 
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Conclusions & suggestions 
 data sparse regions still exist, new measurements are highly welcome 
 a comprehensive quality management framework exists 
 a wide range of data from observations and models are available online 
 make use of it ! 
 profit from training opportunities and potential collaborations 
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Training Opportunities 

. 

. 

. 

https://www.gawtec.de/ 
two courses per year 
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Conclusions & suggestions 
 data sparse regions still exist, new measurements are highly welcome 
 a comprehensive quality management framework exists 
 a wide range of data from observations and models are available online 
 make use of it ! 
 profit from training opportunities and potential collaborations 

 need for more catchy information (like tick lists) is identified 
 
 
 
 
 

 e.g., new CO2 measurement guidelines are in preparation  

You need: 
 shelter 
 power 
 A/C 
 internet 
 … 

 
 instrument 
 cal gases 
 calibrator 
 plumbing 
 … 
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