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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?
(e.g., representativeness of the sample, avoid influence of undesirable sources)

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

Key considerations – why ?
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An iconic example – carbon dioxide (CO2) at Mauna Loa
Most likely the best known atmospheric record
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Example – targeted compatibility for 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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Example – targeted compatibility for CO2

WDCGG Data Summary 
Report #43, 2020

Deseasonalized long-term trends
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Example – targeted compatibility for CO2

WDCGG Data Summary 
Report #43, 2020

Deseasonalized long-term trends

 compatibility goals mainly motivated by small 
spatial gradients
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Example – ozone: different goals for different tasks

Tarasick et al., 2019
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Key consideration – which technique to be used ?

Useful resources:
 WMO/GAW reports
 measurement guidelines
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Key consideration – which technique to be used ?

Useful resources:
 WMO/GAW reports
 measurement guidelines
 project reports, webpages
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Key consideration – which technique to be used ?

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

Committee for Standardization (CEN)
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Key consideration – which technique to be used ?

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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Key consideration – 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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Key consideration – 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
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Key consideration – 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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Key consideration – data Management
IT (hardware and software) resources are needed

central data processing uniton-site

log book (meta data management) !
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Conclusions – 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, …)
 documentation tools
 data logger / data visualization

 consumables, spare parts, backup 
instruments, …
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Conclusions – more general

 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

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.
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, Atmospheric Measurement Techniques, 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, Atmospheric Measurement Techniques, 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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