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Source: Doherty et al., JGR, 2022

Which source of 

uncertainty is more 

important for 

projections of 

future 
atmospheric 

composition and 

air quality?

Scientific Scope | Atmospheric Composition



Wildfires and Climate

(Lasslop et al., 2019)

(IPCC, 2021)

Lower emissions that 

would limit the global 

temperature increase to 

<2°C would reduce 

projected increases of 
global burned area to 

30% to 35% and 

projected increases of 
fire frequency to ~20%.

Climate change is fueling wildfires and
Wildfire contributes to Climate Change



Research Infrastructures

They refer to facilities, resources, and services used by the 
scientific community to conduct research and foster innovation.

They include:

• major scientific equipment or sets of instruments; 

• collections, archives or scientific data;

• computing systems and communication networks;

• any other research and innovation infrastructure of a unique 
nature which is open to external users;

Source: European Comission



• UN specialized agency on 
weather, climate and water.

• It’s supported by 193 Members 
and the headquarters is in 
Geneva (Switzerland).

• Coordinates work of > 300,000 
national experts from 
meteorological and 
hydrological services, 
academia and private sector.

• Co-Founder and host agency 
of IPCC.

World Meteorological Organization (WMO)

WMO Reseach-Operations Departments



Advance and enhance science,

services and infrastructure

related to atmospheric

composition, and support policies

for society through applied

research aimed at 

improving the understanding of the

roles of aerosols, reactive

gases, stratospheric ozone and

greenhouse gases and their

interactions in the Earth System

The WMO Global Atmosphere Watch
(GAW) Programme

Drivers: Global societal needs

GAW builds on partnerships involving contributors 
from 100 countries (including research community)



• The Convention on Long-range transboundary Air 

pollution (LRTAP)

• The Montreal Protocol and Vienna Convention (ozone)

• The UN Framework Convention on Climate Change

(UNFCCC)

• Climate and Clean Air Coalition (CCAC)

• The Convention on Biodiversity

• The Group of Experts on the Scientific Aspects of

Marine Environmental Protection (GESAMP)

• UN Coalition for Combating Sand and Dust Storms

Support to international
conventions and SDGs



Monitoring Infrastructure: provision of 

atmospheric composition data from GAW 

stations; 

Scientific assessments: advancing scientific 

understanding through analysis of global data 

sets; 

Science-for-Services Initiatives: engage with 

user communities for supporting services and 

policies;

Capacity Building and education: provide 

training opportunities for all GAW users from all 

regions;

The GAW Programme: 4 pillars

AEROSOL REACTIVE GASES
ATMOSPHERIC 

DEPOSITION GREENHOUSE GASES
OZONE AND UV 

RADIATIION 

Filling the gaps 

by integrating

other sources

of information

including low-
cost sensors, 

satellites and 

models

Long-term and high-quality control



GAW Scientific Assessments

• Publish community assessment 

reports and high-level scientific 

papers on the state of the 

atmosphere and its evolution,

• Provide technical 

recommendations for monitoring 

atmospheric composition and 

modelling 

• Contribute to international 

reports    



Available at: https://library.wmo.int/

WMO Bulletins in 2024 WMO-GAW Newsletter

GAW Scientific Assessments



• Provision of training to GAW station

operators through the Global Atmosphere

Watch Training & Education Centre 

(GAWTEC)

• GAW stations instrument intercomparison

and calibration campaigns

• Training on data quality control, data use, 

modelling tools and quality assurance

procedures

Capacity
Development



GAW Station Information System 

(GAWSIS) https://gawsis.meteoswiss.ch/GAWSIS/

#/

Strengthen the atmospheric 
composition measurement and 
data infrastructure and 
contribute to understanding 
trends and variability and 
extremes.

 - More than 200 parameters
 - Intercomparisons
 - Measurement guidelines
 - World Data Centers

Filling gaps:

LCS and satellites, 

but also National 

AQ networks 
Integration!

Open access with emphasis 
in QA and QC

GAW Research Infrastructure





GAW Research Infrastructure
Research Enabling Atmospheric Composition Services



GAW Research Infrastructure
WMO Integrated Global Observing System (WIGOS)

Global Observing System (GOS)

Global Atmosphere Watch (GAW)

Global Cryosphere Watch (GCW)

WMO Hydrological Observing System (WHOS)

Global Basic Observing Network (GBON)
Regional Basic Observing Network (RBON)

https://community.wmo.int/en/activity-areas/WIGOS

https://community.wmo.int/activity-areas/global-observing-system-gos
https://community.wmo.int/activity-areas/gaw
https://community.wmo.int/activity-areas/global-cryosphere-watch-gcw
https://community.wmo.int/activity-areas/wmo-hydrological-observing-system-whos
https://community.wmo.int/en/activity-areas/wigos/gbon
https://community.wmo.int/en/activity-areas/WIGOS/RBON


GAW Research Infrastructure
European Cluster: ACTRIS

https://www.actris.eu/



Contributing Networks

CASTNET (Clean Air Status and 
Trends Network)

IMPROVE (IMPROVE Optical 

Aerosol)
INDAAF (International Network to 

study Deposition and Atmospheric 

chemistry in AFrica)

NADP (National Atmospheric 

Deposition Program)
TCCON (Total Carbon Column 

Observing Network)

Other relevant data archives

EMEP (EMEP)
NDACC (NDACC Data Center)

GAW Research Infrastructure

https://www.epa.gov/castnet
https://www.epa.gov/castnet
http://vista.cira.colostate.edu/improve/
http://vista.cira.colostate.edu/improve/
https://indaaf.obs-mip.fr/
https://indaaf.obs-mip.fr/
https://indaaf.obs-mip.fr/
https://nadp.slh.wisc.edu/
https://nadp.slh.wisc.edu/
http://www.tccon.caltech.edu/
http://www.tccon.caltech.edu/
http://ebas.nilu.no/
https://ndacc.larc.nasa.gov/


GAW Research Infrastructure

https://galion.world/



GAW: Observational (research) Infrastructure
Integrating other sources of Air Quality information: Low-Cost Sensor Systems

Extracted from (WMO, 2020)



(WMO, 2024)

GAW: Observational (research) Infrastructure
Integrating other sources of Air Quality information: Low-Cost Sensor Systems Application



Integrating other sources of information
Low-Cost Sensor Systems Networks – Spatial distribution

https://openaq.org/

- Low-cost sensors can 

fill gaps in existing 

networks 

- Low- and middle- 
income countries can 

benefit 

- Latency, quality (i.e., 

accuracy and 
uncertainty) and 

spatial 

representativity of the 

data are key factors 

for their application



• GCOS regularly assesses the status of global 

climate observations and produces guidance for its

improvement. GCOS works towards a world where

climate observations are accurate and sustained, 

and access to climate data is free and open.

o GCOS expert panels maintain definitions of

Essential Climate Variables (ECVs). 

o It is GCOS' task to make sure, that the totality of

all climate observation networks is more than

the sum of the individual networks, forming

together the one Global Climate Observing

System, providing the full picture of our climate.

GCOS – Global Climate Observing System

https://gcos.wmo.int/en



GCOS – Global Climate observing System
Essential Climate Variables (ECV)

https://gcos.wmo.int/en/essential-climate-variables

Atmospheric composition Focal Areas

• Aerosols (chemical and physical 
properties, AOD)

• Carbon Dioxide, Methane & Other 

Greenhouse Gases 

• Ozone and vertical ozone distribution

• Precursors for Aerosols and Ozone (CO, 

SO2, NO2)

Fire

• Burned Area
• Active Fires
• Fire Radiative Power (FRP)

Is this enough for tracking climate 
change? 

GAW Research Infrastructure
and satellites

Satellites



Sand and Dust Storm SDS-WAS

Vegetation Fire and Smoke 
Pollution VFSP-WAS

Global Air Quality Forecasting and 

Information System (GAFIS)

Science for Services

Advance the application of atmospheric composition information in support of 
policies and conventions, and expand societal services related to air quality, human 

and ecosystem health, climate change and food production.

Warnings and Forecasting Services
Model intercomparisons



Forecasting - Model Intercomparisons:
Sand and Dust Storms

Wildfires
Air Quality

WMO INFRASTRUCTURE - WIPPS
Regional Specialized Meteorological Center with activity specialization

ASDF and VFSPF

GHG emission information systems – IG3S city projects

Infrasctructure for the provision of Services



WMO-GAW Warning Advisory and Assessment 
Systems (SDS-WAS and VFSP-WAS)

https://community.wmo.int/en/activity-areas/gaw/

Godzilla, June 2020

NASA MODIS/Terra, May 6, 2023

International coordination of 
research for weather and climate 

Identification and assessment of 
SDS and VFSP impacts

Dissemination and awareness

Promoting the use of current 
available products 
(observations and monitoring)

Building capacity and facilitate 
access to the available services



REANALYSIS

FORECASTS
CLIMATE 

PREDICTIONS

CLIMATE 

PROJECTIONS

CLIMATE 

PREDICTIONS

CLIMATE 

PROJECTIONS

Meteo. and Air Pollution
ONLY Meteo.
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Integrating time scales



Model types  

https://www.energy.gov/science/doe-explainsearth-system-and-climate-models

Climate Models

Atmospheric Models



Atmospheric Composition models: Scales
Global Models

Online coupled

Regional Models



Chemistry Transport
Model (CTM)

Emission Model

Emission

Inventories

Meteorological Model

Online coupledOffline coupled

Data assimilation

Meteo
observations

Data assimilation

Atmos. Comp.
observations

Observations

Atmospheric Composition models: (Re)analysis

Scheme courtesy of L. Mona



Atmospheric Composition models: (Re)analysis

Analysis: Obtaining 

the "best" estimate of 

current atmospheric 

dust conditions  

Reanalysis: Creation 

of data sets describing 

the recent history of 

dust in the 

atmosphere 

https://www.hereon.de/institutes/coastal_systems_analysis_modeling/hydrodynamics_data_assimilation/topics/data_assimilation/index.php.en



Modelling framework: PRACE

The MareNostrum 5 supercomputer, Spain

It is a pre-exascale EuroHPC supercomputer

https://www.bsc.es/ca/marenostrum/marenostrum-5

https://prace-ri.eu/



https://community.wmo.int/en/wipps-web-portal





More details in Carlo Buontempo's talk



Atmosphere
Monitoring

CO PERNI C US ATMO SPH ERE MON ITORI NG  S ERV I CE -  TH EMES

CAMS delivers consistent and quality-controlled information related to air pollution and 

health, solar energy, greenhouse gases and climate forcing, everywhere in the world.

Air quality Policy tools Solar energy

Ozone layer and UV radiation Emissions and surface Fluxes Climate forcing



Atmosphere
Monitoring

Data assimilation

CAMS SERVICE CHAIN

Satellite Observations
(AOD, O3, CO, NO2, SO2)

15

G l o b a l  a n d  R e g i o n a l  C A M S  s y s t e m s

ECMWF
IFS 
global,
40x40 km

11 regional CTMs 
over Europe,
10x10 km

Boundary Conditions

Surface AQ observations

Data assimilation

European 
CAMS

Emissions

Global 
CAMS 

Emissions

GFAS 
wildfire 

emissions



Atmosphere
Monitoring

Satellite observations (GOSAT & IASI)

C AM S  Gl ob a l  Fore ca sts  –  CO 2  as  exa mp l e

Analysis Forecast Analysis 

Yesterday’s forecast is adjusted by today’s observations to produce the 
outlook for tomorrow. Every day.

Forecast 



Atmosphere
Monitoring

S a t e l l i t e  d a t a  u s a g e  i n  C A M S  g l o b a l  f o r e c a s t  s y s t e m

30

European



https://atmosphere.copernicus.eu/sites/default/files/publications/CAMS2_82_2022SC1_D82.5.2.1-2023_observations_0.pdf



Atmosphere
Monitoring

C A M S  G l o b a l  P r o d u c t s

FORECASTS can NOT be used for trend analysis - Forecast systems are upgraded regurlarly

REANALYSIS is the alternative for long-term analysis – CAMSRA IS based on the same CAMS 

system but it is run consistenly since 2003 to now



Atmosphere
Monitoring

S a t e l l i t e  d a t a  u s a g e  i n  C A M S  g l o b a l  r e a n a l y s i s  s y s t e m

30





Atmosphere
Monitoring

G l o b a  C A M S  r e a n a l y s i s v a l i d a t i o n



Available at: https://library.wmo.int/

WMO Bulletins in 2024 WMO-GAW Newsletter

GAW Scientific Assessments



What did it happen in 2023?
PM2.5 anomaly for 2023 with respect 2003-2023

PM2.5 (μg m–3)

Source: CAMS ReanalysisSource: MERRA-II Reanalysis

WMO Air Quality and Climate Bulletin 2024 Edition – Released on 6th Sep 2024
https://library.wmo.int/records/item/69006-no-4-september-2024

Wildfires Sand and Dust



CAMS GFASv1.2 daily total fire radiative power. Source: CAMS

Transboundary Smoke Pollution June 2025

Courtesy of Mark Parrington (ECMWF)



Key Messages

• RIs are essential for enabling frontier research, supporting international 

collaboration, fostering innovation in both academia and industry, and 

providing long-term data and experimental capabilities.

• Understanding, managing and mitigating air pollution risks and effects (at 

weather and climate scales) requires fundamental and cross-disciplinary 

knowledge.

• WMO is key to coordinate the international research community and to 

provide guidance on how to monitor, model, and mitigate air pollution at 

global scale and at different time scales (weather to climate).



THANKS!
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