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Design & setup
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 Why do I want/need to measure?  

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

 Where are measurements reasonable?
(e.g., representativeness of the sample, avoid 
influence of undesirable sources)

 What kind of data series are needed?
(continuous, discrete, time resolution, concentration 
range, spatial resolution, stationary vs. mobile, etc.)

Fundamental questions

© ICOS ERIC, 2020
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Discrete (flasks) vs. continuous observations
greenhouse gas observations

through flask sampling and in-situ monitoring
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Discrete (flasks) vs. continuous observations

 long-term flask observations suitable for trend estimates
 continuous measurements allow gaining insight into local to regional processes
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 Why do I want/need to measure?  

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

 Where are measurements reasonable?
(e.g., representativeness of the sample, avoid 
influence of undesirable sources)

 What kind of data series are needed?
(continuous, discrete, time resolution, concentration 
range, spatial resolution, stationary vs. mobile, etc.)

 When is the right time to measure?
(e.g., annual or diurnal cycles of compounds, during 
special weather conditions, …)

Fundamental questions

© ICOS ERIC, 2020

here: focus on ground-based
in-situ observations
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Infrastructure Requirements
Measurement site infrastructure

 shelter
 reliable power supply
 air conditioning
 internet access
 mast for free exposure of the inlet

“The laboratory building and inlet location on 
site should be set upwind of any other buildings, 
garages, parking lots, generators, other 
emission sources – any nearby areas where 
fossil fuels or biomass may be combusted and 
where intensive agriculture is undertaken.”

Special attention also needs to be paid when 
performing measurements in heavily vegetated 
environments (due to influence of biospheric
uptake and respiration on the CO2 levels) 

O3 measurement guidelines,
GAW Report Nr. 209, 2013
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Infrastructure Requirements
Measurement site infrastructure

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

Instrument(s) and periphery

 adequate 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, …



Instrumentation & operation
Winderlich et al., AMT; 2010
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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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Instrumentation – required quality, example CO2

GGMT-2019 Report,
GAW Report Nr. 255, 2020

“… The WMO/GAW network 
compatibility are the scientifically-
determined maximum bias among 
monitoring programmes that can 
be included without significantly 
influencing fluxes inferred from 
observations with models. …”
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Instrumentation – required quality, example CO2

WDCGG Data Summary 
Report #43, 2020

Deseasonalized long-term trends
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Instrumentation – required quality, example CO2

WDCGG Data Summary 
Report #43, 2020

Deseasonalized long-term trends

 compatibility goals mainly motivated by small 
spatial gradients
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Instrumentation – required quality, example CO2

GGMT-2019 Report,
GAW Report Nr. 255, 2020

“… To achieve the required levels of network compatibility (see Table 1) 
it is important to understand and carefully consider the design of the 
whole analysis system including instrument, gas handling, calibration 
and data management. No single instrument type is recommended. 
Many can be used with equal success and none are fool proof when 
poor choices are made with gas handling or data management. A 

trade-off in instrument stability and complexity versus cost must often 
be balanced according to the needs, resources and challenges of the 

measurement programme. …”
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Instrumentation – required quality, example CO2

GGMT-2019 Report,
GAW Report Nr. 255, 2020

“… To achieve the required levels of network compatibility (see Table 1) 
it is important to understand and carefully consider the design of the 
whole analysis system including instrument, gas handling, calibration 
and data management. No single instrument type is recommended. 
Many can be used with equal success and none are fool proof when 
poor choices are made with gas handling or data management. A 

trade-off in instrument stability and complexity versus cost must often 
be balanced according to the needs, resources and challenges of the 

measurement programme. …”
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Instrumentation – required quality, example tropospheric O3

Tarasick et al., 2019
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Instrumentation – useful resources 

Useful resources:
 WMO/GAW reports
 measurement guidelines
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Instrumentation – useful resources 

Useful resources:
 WMO/GAW reports
 measurement guidelines
 project reports, webpages
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Instrumentation – useful resources 

Useful resources:
 WMO/GAW reports
 measurement guidelines
 project reports, webpages
 Environment Agencies, European 

Committee for Standardization (CEN)
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Instrumentation – useful resources 

Useful resources:
 WMO/GAW reports
 measurement guidelines
 project reports, webpages
 Environment Agencies, European 

Committee for Standardization (CEN)
 publications
 consultation of peers

 don’t forget the periphery
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Instrumentation – traceability and calibration

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

primary
laboratory
standards

working
standards
(in-situ)

station operators

Calibration equipment

ICOS RI, 2020

air
inlet(s)
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Instrumentation – traceability and calibration
 make sure that you know your traceability chain
 add this information to your data / metadata

Data header
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Instrumentation – frequency of calibration and QA/QC

Zellweger et al., 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. …”

laboratory tests (long-term) field tests

Yver-Kwok et al., 2020



martin.steinbacher@empa.ch GAWTEC webinar, 07 December 2020 # 27

Instrumentation – use target gases for QA/QC
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.

Appropriate processing software 
needs to be available.

47 days
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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)



martin.steinbacher@empa.ch GAWTEC webinar, 07 December 2020 # 29

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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Data management & data processing
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Data management

Hazan et al., 2016

overall concept data processing strategy

example from the Capacity 
Building and Twinning for 
Climate Observing Systems 
(CATCOS) project
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Data management

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
position111111111222222444445555556666668888881111111
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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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Data management – measurement uncertainty

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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Data management – terminology 
The GAW programme recommends 
adoption and use of internationally 
accepted methods and vocabulary 
to deal with measurement 
uncertainty as outlined in various 
ISO/BIPM publications

A selection of the most relevant terms can be 
found can be found at
https://www.empa.ch/web/s503/gaw_glossary
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Data management
IT (hardware and software) resources are needed

central data processing uniton-site

log book (meta data management) !
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Metadata management
 documentation, log books
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Metadata management
 documentation, log books
 checklists / standard operation 

procedures
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Metadata management
 documentation, log books
 checklists / standard operation 

procedures
 regular updates in GAWSIS https://gawsis.meteoswiss.ch
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Additional quality control

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

WDCGG Data Summary 
Report #43, 2020
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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



martin.steinbacher@empa.ch GAWTEC webinar, 07 December 2020 # 42

Conclusions
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, …)
 documentation tools
 data logger / data visualization

 consumables, spare parts, backup 
instruments, …
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Conclusions, con’td

 clearly define the motivation / goals of your monitoring
 identify data quality objectives

 select suitable instrumentation (and periphery)
 design operation and calibration strategy (and revise if 

needed)
 prepare Standard Operation Procedures / checklists / 

troubleshooting strategies
 implement robust data management (including 

documentation and meta data)

 draw up a sustainable budget (for consumables,      
wear parts, instrument replacements, …)
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Further reading
The Global Atmosphere Watch Programme: 25 Years of Global Coordinated Atmospheric Composition Observations and Analyses, 
https://library.wmo.int/doc_num.php?explnum_id=7886, 2014.

WMO/GAW reports can be found at https://community.wmo.int/gaw-reports

Hazan et al., Automatic processing of atmospheric CO2 and CH4 mole fractions at the ICOS Atmosphere Thematic Centre, Atmos. Meas. Tech., 
9, 4719–4736, https://doi.org/10.5194/amt-9-4719-2016, 2016. 

Tarasick et al., Tropospheric Ozone Assessment Report:  Tropospheric ozone from 1877 to 2016, observed levels, trends and uncertainties, 
Elementa, 7 (39), https://doi.org/10.1525/elementa.376, 2019.

Wiedensohler et al., Mobility particle size spectrometers: harmonization of technical standards and data structure to facilitate high quality long-
term observations of atmospheric particle number size distributions, Atmos. Meas. Tech., 5, 657–685, https://doi.org/10.5194/amt-5-657-2012, 
2012. 

Yver-Kwok et al., Evaluation and optimization of ICOS atmospheric station data as part of the labeling process, Atmospheric Measurement 
Techniques Discussion, in review, https://doi.org/10.5194/amt-2020-213, 2020.

Zellweger et al., Recent advances in measurement techniques for atmospheric carbon monoxide and nitrous oxide observations, Atmos. Meas. 
Tech., 12, 5863–5878, https://doi.org/10.5194/amt-12-5863-2019, 2019.

Zellweger et al., Assessment of recent advances in measurement techniques for atmospheric carbon dioxide and methane observations, Atmos. 
Meas. Tech., 9, 4737-4757, doi:10.5194/amt-9-4737-2016, 2016.ICOS RI (2020): ICOS Atmosphere Station Specifications v2.0, ICOS ERIC, 
https://doi.org/10.18160/GK28-2188

https://www.esrl.noaa.gov/gmd/ccgg/about/co2_measurements.html

Thank you for your attention !
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