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Empa in Numbers (2016)

• 3 Sites in Switzerland Dübendorf, St. Gallen, Thun

• 5 Departments 30 Laboratories
940 Employees (860 FTE; about 29% Women)
30 Professors
200 PhD Students
42 Apprentices
> 200 Master Students & Interns 

Research Focus Areas

www.empa.ch

Natural Resources
& Pollutants

Sustainable Built 
Environment

EnergyHealth & 
Performance

Nanostructured 
Materials
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APPROACH & GOAL
- to understand emissions and fate 

of man-made pollutants and greenhouse gases
- to provide the scientific basis 

for technical solutions to reduce emissions 
- to guide decision makers in the field of environmental 

politics

Air Pollution & Environmental Technology Lab
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Research Sites & Central Facilities

 field sites
Swiss National Air
Pollution Monitoring
Network

Mobile vans

Process studies

Central Calibration Lab
Swiss Air Pollution Network

Reference materials
& Instrument testing

Global Atmosphere Watch

 computing capacity: Empa-Cluster: IPAZIA  / CSCS Manno / C2SM

 labs

World Calibration Centre &
QA /SAC Switzerland

Spectroscopic Lab

optical table and electronics
instrument development
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urban, kerbside rural, below 1000 m asl
urban, in park rural, above 1000 m asl
at motorway forest
suburban       high-altitude

Swiss National Air Pollution Monitoring Network

NABEL
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AGAGE and collaborative sites
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• under the auspices of MeteoSwiss

• operation of the global GAW station Jungfraujoch (Uni Bern, Empa, PSI, Uni Liege, 
BIRA Brussels, MeteoSwiss)

• vertical ozone distribution and total ozone in Payerne und Arosa (MeteoSwiss)
• radiation measurement network in Payerne, Davos, Locarno und Jungfraujoch

(MeteoSwiss)

• World Optical Depth Research and Calibration Center (WORCC) (PMOD)
• World Calibration Centre (WCC) for surface ozone, methane, carbon monoxide

and carbon dioxide (Empa)

• Quality Assurance / Science Activity Centre (QA/SAC) (Empa)
• support of ozone soundings in Nairobi, Kenya (MeteoSwiss)
• partnership with stations in Algeria, Indonesia and Kenya (part of QA/SAC)

• operation of the GAW-Station Information System (MeteoSwiss)

The Swiss GAW-Programme
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Empa’s Contribution to the GAW – Observing System

Swiss regional 
GAW stations

Swiss global 
GAW station

Operation (Gases) Collaboration &
Twinning
Mt. Kenya

Bukit Koto Tabang

Assekrem

Jungfraujoch

Rigi Payerne

Support for
new stations

El Tololo

Pha Din

Cholpon Ata
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Comprehensive Measurement  Programme @ JFJ

Reactive Gases and Greenhouse Gases

nearly 100 continuous time-series

Halocarbons

Montreal & Kyoto
relevant, including SF6

Greenhouse 
Gases

N2O     CH4 CO2
13C-CO2 & 18C-CO2  cont.

Reactive 
Gases

Ozone CO     SO2

NO2 NO    NOy

H2         VOC
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JFJ within GAW



martin.steinbacher@empa.ch, Laboratory for Air Pollution/Environmental Technology # 12

History of GAW

• 1950s: WMO launched first a programme on atmospheric 
chemistry and the meteorological aspects of air pollution

• 1957 (International Geophysical Year): development of first 
standard operation procedures, central data centres;
establishment of Global Ozone Observing System 
(GO3OS) 

• Late 1960s: Background Air Pollution Monitoring Network 
(BAPMoN) was established, focusing on precipitation 
chemistry, aerosol and carbon dioxide measurements

• In 1989: GO3OS and BAPMoN were consolidated into the 
Global Atmosphere Watch (GAW) programme

further reading:
Global Atmosphere Watch (GAW) Programme: 25 years of global coordinated atmospheric 
composition observations and analyses
https://library.wmo.int/pmb_ged/wmo_1143_en.pdf
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Air Pollution and Climate – different scales

source: http://mce2.org/wmogurme/
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More further reading

… more to come later today
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GAW Rationale

• Need to understand and control the increasing human influence on 
the global atmosphere.

• Need to mitigate socio-economic consequences affecting 
– weather, 
– climate, 
– human and ecosystem health, 
– water supply and quality, 
– agricultural productivity.

GAW Strategic Plan: 2008–2015
GAW Report # 172, 2007
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Major Challenges

• Stratospheric ozone depletion and the increase of ultraviolet (UV) radiation.
• Changes in the weather and climate related to human influence on 

atmospheric composition, particularly, greenhouse gases, ozone and 
aerosols

• Risk reduction of air pollution on human health and issues involving long-
range transport and deposition of air pollution.

• ‘Chemical weather’ prediction, ‘high impact weather’

GAW Strategic Plan: 2008–2015
GAW Report # 172, 2007
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Understanding & Mitigating Atmospheric Change

– radiation
– temperatures
– precipitation
– climate-forcing gases
– aerosols

Observations (direct, proxies)

Models
– global
– trans-boundary
– regional

Scenarios
– global
– trans-boundary
– regional

Political Action
– governmental
– enterprise level
– individual
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GAW Rationale, as of 2017

science for services

This Implementation Plan (IP) builds upon the growing
importance of atmospheric composition observations
and predictions, and focuses on research that enables a
wide variety of Products and Services related to
atmospheric composition. [...] GAW-lead thematic
application areas [Monitoring of Atmospheric
Composition, Forecasting Atmospheric Composition
Change, Providing Atmospheric Composition
information to support services in urban and populated
areas] will help reduce societal risks from climate
change, high-impact weather and events, and urban air
pollution, and support conventions and treaties focused
on sustainable development.

GAW Implementation Plan: 2016-2023,
GAW Report # 228, 2017
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GAW Mission

• Reduce environmental risks to society and meet the 
requirements of environmental conventions.

• Strengthen capabilities to predict climate, weather and air 
quality.

• Contribute to scientific assessments in support of 
environmental policy.

through
• Maintaining and applying global, long-term observations

of the chemical composition and selected physical 
characteristics of the atmosphere.

• Emphasizing quality assurance and quality control.
• Delivering integrated products and services of relevance 

to users.

GAW Implementation Plan: 2016-2023,
GAW Report # 228, 2017
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Organization of GAW

GAW Implementation Plan: 2016-2023,
GAW Report # 228, 2017
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Useful documents

http://www.wmo.int/pages/prog/arep/gaw/gaw-reports.html
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GAW – Central Facilities

GAW report #228
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Terms of Reference – CCLs

GAW report #228
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Terms of Reference – WDCs

GAW report #228
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Terms of Reference – QA/SAC

GAW report #228



martin.steinbacher@empa.ch, Laboratory for Air Pollution/Environmental Technology # 26

Terms of Reference – WCC

GAW report #228
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Terms of Reference – Station Requirements

GAW report #228
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Terms of Reference – Station Requirements

GAW report #228
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GAW’s Quality Assurance System
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GAW QA System - Objectives and Principles

• Primary responsibility for data quality rests with the data originator.
• Primary objectives of GAW QA System

– To ensure consistency of data residing at WDCs
– To ensure known and adequate data quality
– To ensure availability of comprehensive metadata

through

• Full support of GCOS monitoring principles
• Network-wide use of only one reference standard and full traceability of all 

observations
• Definition of data quality objectives (DQOs) and establishment of guidelines for

implementation (Measurement Guidelines, Standard Operating Procedures)
• Independent assessments (system and performance audits)
• Timely submission of observations and metadata to WDCs
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Our Role – WCC & QA/SAC

Data & Metadata
Submission

Calibration &
Inter-comparison

Operation &
Maintenance

Data Review
& Flagging

Data Use

StationWDC

SAG

DQOs

Training WCC
QA/SAC
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QA/SAC Switzerland

• Scope
– Variables mandated to WCC-Empa
– Cross-cutting, system-wide 

• Primary Tasks
– Support and audit the quality control system 

at Global GAW stations
– Provide support regarding data quality issues, 

data submission
– Contribution to GAW outreach
– Support of Scientific Advisory Groups
– Promote use of GAW data
– Capacity building & twinning
– Organisation of workshops



martin.steinbacher@empa.ch, Laboratory for Air Pollution/Environmental Technology # 33

WCC-Empa

• Scope
– Methane, (nitrous oxide), carbon dioxide 
– Surface ozone, carbon monoxide 

• Primary Tasks
– Ensure traceability of measurements

at Global GAW stations to designated 
GAW Reference Standard

– Support stations with regards to 
instrument and/or measurement problems

– Capacity Building, "1:1"-Training
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History of WCC-Empa

 1996 Start with surface ozone audits

 1997 carbon monoxide

 2000 QA/SAC Switzerland at Empa

 2001 methane

 2008 collaboration with WCC-N2O

 2010 carbon dioxide

 2010 MoU BIPM/WMO, Empa designated by 
WMO as ozone calibration laboratory

 2011 Parallel measurements with a travelling 
instrument (CO, CH4, CO2)
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WCC-Empa Audit Overview, 1996 – 2016 
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WCC-Empa audits at GAW sites - Traceability

Ozone Measurement Guidelines,
GAW Report # 209, 2013
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Exemplary Audit Results 

 Mount Kenya, January 2015

Audit reports publicly available at www.empa.ch/gaw
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Exemplary Audit Results 

 KMD Nairobi, January 2015

Audit reports publicly available at www.empa.ch/gaw
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