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EXECUTIVE SUMMARY
Recognizing the huge cost of air pollution to society as well as the scientific advances to
forecast and monitor air quality, the Global Atmosphere Watch Programme (GAW) of the
World Meteorological Organization (WMO) started a new initiative to promote and
enhance operational air quality forecasting and insights in accordance with the “WMO
Science-for-Service” strategy. The Global Air Quality Forecasting and Information System
initiative (GAFIS) will support extending and improving air quality forecast and related
information systems on the global, regional, national and urban scale. GAFIS aims to be
a platform for the collaboration between air quality forecasters, the users of air quality
forecasts and other stakeholders concerned with air quality information. GAFIS will not
deliver air quality information services by itself.
Within WMO, GAFIS will seek close cooperation with GAW’s Scientific Advisory Groups
(SAGs) and Expert Teams (ETs), in particular with the SAG on Modelling Applications
(SAG-APPs), on Reactive Gases and Aerosols, and the GAW Urban Research Meteorology
and Environment (GURME) groups as well as with the GAW World Data Centres (WDCs)
and the ETs of Atmospheric Composition Measurement Quality and of Atmospheric
Composition Management. Furthermore, GAFIS will engage with operational Numerical
Weather Prediction (NWP) efforts, since linking air quality forecasting to NWP is being
considered a major step towards increasing the operational maturity of air quality
forecasting and information systems as well as an opportunity to better represent the
impact of atmospheric composition in weather forecasts. Within the wider landscape of
air quality efforts, programs, and initiatives, GAFIS sees its core competences in the
operational aspects of air quality forecasting and related information systems. GAFIS will
engage with stakeholders on topics such as capacity building, the collection and
consideration of the user requirements for air quality forecasting and information
systems, and the availability of air quality observations for operational applications.
The implementation of GAFIS is facilitated by the pursuit of four interconnected topical
areas, namely:
(i)

Capacity building and user requirements,

(ii)

Good practices and evaluation of air quality forecasting and information
systems,

(iii)

Observations required for air quality forecasting and information systems,

(iv)

Operational and scientific synergies between air quality forecasting and
numerical weather prediction.

Each topical area has its set of concrete actions such as user interaction, surveys,
training, inter-comparison efforts and programmatic work, which are described in detail
in this Implementation Plan.
GAFIS will enable and promote air quality forecasting and information services in a
globally harmonized and standardized way tailored to the needs of society. More
specifically, expected outcomes will be:
(i)

Scientifically and user-driven QA/QC, evaluation and inter-comparison
protocols for air quality systems,

(ii)

Inventories of air quality forecasting systems and observations data
repositories,

(iii)

Compilation of user requirements, e.g. with respect to temporal or spatial
averaging, choice of species and aggregation into impact-oriented air quality
parameters or timeliness of product delivery.
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GAFIS plans to initiate and support operational air quality forecasting inter-comparison
for WMO regions such as North America and Asia. At a later stage, GAFIS will promote
inter-comparisons in other regions as they implement operational air quality forecasting
systems. GAFIS will work towards improved accessibility as well as quality control and
quality disclosure standards of air quality observations from different networks, including
low-cost-sensors for operational air quality forecasting. Furthermore, GAFIS will increase
awareness of the scientific and operational benefits of air quality forecasting for
operational NWP activities. Finally, GAFIS aims to represent the operational air quality
forecast community and WMO within international, national, and non-governmental air
quality programmes.
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INTRODUCTION
1.1

Air quality information – forecast and retrospective analysis

Air pollution is the single largest environmental risk factor to health, and the loss in life
expectancies rivals that of other major risk factors such as tobacco smoking or parasitic
and vector-borne diseases (Lelieveld et al., 2020, Figure 1). Each year, 7 million
premature deaths are attributed to air pollution, with huge economic consequences –
estimates indicate US$ 5 trillion in welfare losses and US$ 255 billion in lost income
(World Bank, 2016). Lelieveld et al. (2020) derived estimates of annual excess mortality
rate from ambient air pollution in Europe that exceed recent analyses, such as the Global
Burden of Disease for 2015, by more than a factor of two. The recent update of long- and
short-term global air quality guidelines by the World Health Organization (WHO) to lower
levels for most pollutants (Figure 2), reveals that air pollution represents a health hazard
at even lower concentrations than indicated by the 2005 guidelines (WHO, 2021).
Furthermore, tropospheric ozone negatively affects crop productivity directly through
oxidative damage to cells and can lead to reductions in global yields of crops such as
wheat, rice, maize, and soybean. In countries with agricultural production as the basis of
their economy, losses of crop yields due to ozone pollution can offset a significant portion
of their GDP growth. Air pollution contributes to climate change, is detrimental for
ecosystems, damages property, impacts visibility and haze, and threatens food and
water security.

Figure 1. “Mean global and country-level loss of life expectancy from different causes of
death referring to the year 2015. Household air pollution is from the indoor use of solid
biofuels. Ambient residential air pollution is mostly from household sources and can
include fossil and biofuel use. Parasitic and vector-borne diseases include malaria,
leishmaniasis, rabies, dengue, yellow fever, and others. Violence includes interpersonal,
collective conflict, and armed intervention”.
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Figure taken from Lelieveld, J., et al. "Loss of life expectancy from air pollution compared to other
risk factors: a worldwide perspective." Cardiovascular research 116.11 (2020): 1910–1917,
https://doi.org/10.1093/cvr/cvaa025

However, air pollution can be successfully reduced through well-informed policies, with
large health, climate, and economic benefits (Kumar et al., 2018). Scientific
understanding is an essential ingredient for the design of successful policy interventions.
At present, data and knowledge necessary for effective policies are often inadequate or
absent in many areas of the world where they are most needed.
Air quality forecasting and information systems correspond to integrated systems
responsible for the prediction, validation, and dissemination of air quality insights
(Figure 3).
These systems fulfil the following functions:
•

Forecasting of air quality over the next days

•

Retrospective analysis of air quality over longer periods

•

Attribution of air pollution and analysis of air quality sensitivity to interventions.

Model-based air quality forecasting and information systems can in principle be applied
for all three functions, but the operational application often focuses on one aspect with
different levels of operational maturity. Forecasting systems aim to forecast harmful
pollution events with the purpose of mitigating their impact (see overview in Kukkonen et
al., 2012; Zhang et al., 2012; Marécal et al., 2015). Retrospective analysis is required to
provide consistent information about long-term exposure for health and ecosystem
impacts and are often merged with air quality information from in-situ and satellite
observations (Inness et al., 2019). Attribution systems are essential for designing
interventions, assessing their effectiveness, and building political accountability for
effective air quality action (Collet et al., 2018).
Currently the majority of operational air quality forecasting and information systems
provide forecasts and are therefore the key consideration for GAFIS with the aim to
enhance and promote best practices for air quality forecasting. At the same time, GAFIS
aims to support the operational applications to provide retrospective long-term
information about air quality and its underlying causes in accordance with the
requirements from the user.
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(a)

(b)

Figure 2. Updated AQ guidelines by the WHO (Sep. 2021) for both (a) short and
(b) long-term exposure.
Changes with respect to 2005 guidelines are also included. Illustrations created by WHO and
downloaded from the WHO library.

WMO plays a large role in supporting collaboration and knowledge sharing between
numerical weather prediction (NWP) centres, many of which engage in air quality
forecasting. However, and in contrast to NWP, operational air quality forecasting
providers have not reached similar levels of internal collaboration to agree on common
practices, data sharing, scientific developments and responding to users’ requests. The
WMO is already authoritatively charged with coordinated monitoring of the composition of
the atmosphere and can play a leading role in promoting and enhancing air quality
forecasting because it already manages many elements that are necessary for air quality
forecasting and information services, including global observation networks that collect
vital weather and climate information. The WMO has already taken actions in this
direction by creating initiatives that aim building the chain from the research to services,
on a collaborative approach, for atmospheric composition forecasting such as the Sand
and Dust Storm Warning Advisory and Assessment System (SDS-WAS; Nickovic et al,
2015) and Vegetation Fire and Smoke Pollution Warning Advisory and Assessment
System (VFSP-WAS; Goldammer et al., 2017).
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Figure 3. Schematic representation of Air Quality Forecasting and Information Systems

At the global scale, concerted WMO action focus on air pollution forecasting and
information systems could accelerate the implementation of effective pollution control
strategies by several decades in the areas where it is most needed, and thereby
significantly reduce the current health burden of pollution to societies, save
environmental resources and support socio-economic development, also through
lowering inequalities. At the same time, such services would help societies by supporting
the design of integrated policies that also reduce emissions of greenhouse gases and
hence climate forcing and contributing to multiple Sustainable Development Goals such
as Good Health and Well-Being (SDG3), Sustainable Cities and Communities (SDG11)
and Climate Action (SDG13).
An air quality forecast and information system support initiative coordinated by WMO can
also promote the mandates of and enhance collaboration with other UN agencies: the
World Health Organization (WHO), the United Nations Environment Program (UNEP) and
their actions such as the Global Environment Monitoring System for Air (GEMS Air). It
can contribute to the efforts of the Climate and Clean Air Coalition (CCAC) to accelerate
action for climate and health goals.
1.2

Challenges and Perspectives

Over the last decades, considerable progress has been made in our understanding of the
chemical and physical processes that determine air quality as well as the impact of air
pollution on human health and well-being, agriculture and the environment. National air
quality networks and research-oriented atmospheric composition monitoring networks
have been operating for many decades (Schultz et al., 2015; Benedetti et al., 2018). The
capacity to observe atmospheric composition with satellite instruments has improved and
geostationary platforms to retrieve air quality at high-temporal resolution are emerging
as well as a wealth of unconventional data such as medium and low-cost sensors (LCS)
(e.g. Liu et al., 2020). Research efforts to provide modelling-based air quality forecast
and retrospective analysis have matured to operational services.
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However, considerable challenges remain in our ability to provide reliable and user-driven
air quality forecasting and information services for many parts of the world, especially
those where air quality is poor. Major challenges still exist in the following key areas.
Modelling and Emission inventories:
Global models currently provide simulations at a resolution of up to a few tens of
kilometres and regional models at a resolution of up to one kilometre. In addition,
models simulating at scales compatible with urban processes – including high spatial
resolution, rapidly evolving emissions, and small-scale eddies – are becoming available.
Urban concentration estimates at higher resolution representing spatial gradients at city
block scale would enable to estimate human exposure more realistically and thus allow a
better estimate of health impact of air pollution. However, it still remains a complex
challenge to apply these high-resolution models to entire cities due to their elevated
computational cost and need of large amount of multiple and different high-resolution
input data such as adequate emissions data sets.
Today, global emission inventories of most key primary chemical compounds are
available at a spatial resolution of about 10 to 50 km. Information on emissions in some
regions including Europe and North America are available at an even higher spatial
resolution (e.g. Copernicus Atmosphere Monitoring Service (CAMS) Regional 6 km
resolution, EPA emissions). Although in some cases, emission inventories are being
updated on a more frequent basis, even providing the estimated current year of
emissions (e.g. CAMS and the Multi-resolution Emission Inventory for China – MEIC), in
general they are not updated on a regular basis and become out of date a few years after
their release. In particular, these emission inventories do not necessarily capture the
impact of changes in social dynamics such as those observed during the pandemic
COVID-19 (Mashayekhi et al., 2021).
Operational air quality forecasting would benefit from frequently and regularly updated
emission inventories. Optimized emissions are essential to improve the air quality
forecast accuracy over the forecast period which is often not achieved by only correcting
the concentration initial conditions with data assimilation techniques (Elbern et al.,
2007). Inverse modelling to optimize emission based on observations could provide
useful guidance for improving and updating emission inventories in shorter timescales.
However, these techniques do not provide emission estimates with the level of
consistency between species and sectoral disaggregation that is required for air quality
forecasting purposes.
Observations:
Cities with high levels of PM2.5 exposure, often located in the Global South, have
relatively few air quality observations while areas in Europe and North America with
lower pollution levels have far more observations (Figure 4). Denser monitoring network
facilitate efforts to answer basic scientific and policy questions about within-city
variations in air quality, hotspots, and exposure that, in turn, support the design
adequate measures to improve air quality and mitigate emissions (Malings et al., 2020).
The network of ground-based observations has undergone rapid growth in the last
decades in most regions of the world, but the availability of vertical soundings is more
limited. Air quality observations are carried out in many parts of the world often by local
efforts. Several GAW World Data Centres (WDCs) exist and are responsible for archiving
GAW measurements and making them freely available for the scientific community. Nonprofit initiatives such as OpenAQ exist to aggregate a wide range of air quality
observations worldwide. However, large regions of the world lack air quality monitoring
(e.g. South America, Africa) and the scarce existing data are not easily retrievable in a
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near-real-time framework for operational forecasting purposes. Moreover, a coordinated
approach for data quality control and quality labelling standards is often lacking.
Space observations provide a much-needed perspective at the global scale with the
ability to retrieve pollutants of primary concern such as particulate matter/atmospheric
aerosol optical depth (AOD), and more importantly the precursor species such as NOx
and formaldehyde as well as CO, ammonia, and SO2. These space observations are
particularly useful to learn more about emissions and long-range (intercontinental)
transport and to characterize long-term trends (“chemical climate”). Yet, these
observations are less informative on air quality given the challenge to extract information
representative of surface conditions.
LCS can contribute to assess and characterize air quality, particularly in data-constrained
regions, at a resolution compatible with urban scales. Although they are no replacement
for reference-grade monitoring instruments, especially for regulatory monitoring, (WMO,
2020b), the low cost and abundance of LCS in combination with satellite data and
reference monitoring, can improve and expand actionable local air quality information
(Malings et al., 2020). The potential roles for LCS and networks of sensors in air quality
information and forecasting systems still needs to be further explored but is an active
area of ongoing research (Hernandez-Gordillo et al., 2021).

Figure 4. Estimated annual PM2.5 concentration versus density of (regulatory-grade)
monitoring stations.
Figure taken from Malings, C., Westervelt, D. M., Hauryliuk, A., Presto, A. A., Grieshop, A., Bittner,
A., Beekmann, M., and R. Subramanian: Application of low-cost fine particulate mass monitors to
convert satellite aerosol optical depth to surface concentrations in North America and Africa,
Atmos. Meas. Tech., 13, 3873–3892, https://doi.org/10.5194/amt-13-3873-2020
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Operational AQ services
Air quality information services, as requested by users, are characterized by a high
degree of availability, an evaluation and quality control protocol, good documentation
and the prospect of long-term service provision. A wide range of research and prototype
air quality forecast and information systems are in place with a varying degree of
operationality or serviceability.
National efforts to analyse and predict air quality have been successfully implemented
and used, particularly in Europe, North America, and increasingly in Asia to inform the
public about air pollution episodes and to support policy (overview for Europe in
Kukkonen et al., 2012; Marécal et al., 2015 and worldwide in Zhang et al., 2012). Similar
initiatives are emerging in several other regions of the world.
Air quality models are complex in their implementation, operation, and maintenance,
particularly for real-time applications. The transition to, and support of, air quality
services is a key challenge requiring highly skilled personnel and dedicated training
activities for their successful application and operation.
Impact of air pollution on human health and society
While the evidence of the negative impacts of air quality on human health, agriculture
and ecosystem is well established, more research is required to ensure that the air
quality forecasting and information system provide the relevant information to predict
the impact of air quality. Important aspects are the varying toxicology of the aerosol
contributing to PM concentrations, the varied impact of short-term and long-term
exposure and the synergistic impact of a combination of air quality components.
Air quality and climate:
Key air pollutants (e.g. black carbon) also have a climate impact and sources of air
pollution are also important emitters of greenhouse gases, particularly of carbon dioxide
and methane. Therefore, mitigation of air pollution needs to consider its implication on
climate change in order to develop integrated policies to achieve co-benefits for air
quality and climate and reduce unintended consequences (Szopa et al., 2021).
Furthermore, considering co-benefits on health and air quality of climate mitigation
strategies can offset the cost of such climate measures (Szopa et al., 2021). A changed
climate, background methane concentrations and land use changes will also impact air
quality, especially for surface ozone (Turnock et al, 2018).
Perspectives
Even though some gaps remain in our understanding of some chemical and physical
processes, the methodology is sufficiently mature that reliable air quality forecasts can
be provided at the global and regional scales by combining model simulations with
information based on observations. Existing air quality forecasting systems have
convincingly shown that the assimilation of observed data, both in-situ and remote data,
considerably improve the quality of the forecasts (Bao et al., 2019; Menut and
Bessagnet, 2019). Additionally, integrated chemistry-meteorology modelling has shown
the benefits for prediction of air quality as well as for the forecast of meteorological
parameters such as surface temperature (Baklanov et al., 2018). The fast-growing stock
of satellite data and the high spatial and temporal resolution space observations on the
horizon will contribute to further constrain forecasting systems through data assimilation.
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New data opportunities, in addition to the projected satellite data, could provide the
occasion to better characterize emission sources and information on pollution gradients
at a resolution compatible with urban scales. It would position the community to
establish the best use and management practices for infusing large amounts of data into
air quality forecasts.
1.3

GAFIS: rationale

The Global Air Quality Forecasting and Information System (GAFIS) is a new WMO GAW
initiative to support the transition of science and prototype applications of air quality
information systems to operational and user-driven services. Its foundation is motivated
by the “Science-for-Service” process within WMO that aims to meet the challenges of
providing the best possible environmental services worldwide.
Learning from NWP coordinating efforts within WMO, air quality forecast and information
services operating at different scales and regions are meant to benefit from a similar
collaborative effort that promotes best practices and engages with users of air quality
services. GAFIS will offer the opportunity to harmonize existing efforts and to propagate
them to other regions of the world.
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GLOBAL AIR QUALITY FORECASTING AND INFORMATION
SYSTEMS
2.1

GAFIS Mission and mode of operation

The mission of GAFIS is:
1.

To enable and promote operational air quality forecasting and information services
in a globally harmonized and standardized way tailored to the needs of society;

2.

To engage with users and providers of air quality services across different sectors
to ensure that air quality services meet their requirements.

GAFIS is not an operational service, nor will it generate itself air quality forecasts and
information services, but it will, as much as possible, think, act, share, and communicate
on aspects of operational air quality information systems. It will support efforts of air
quality forecasting and related services, which meet the needs of different categories of
users and stakeholders. GAFIS aims to enhance service-oriented aspects of operational
air quality forecasting by concrete actions such as user interaction, surveys, training,
inter-comparison efforts and programmatic work. The latter will provide useful guidance
to identify priorities in scientific efforts and funding for air quality information services
that integrate information from emissions inventories, forecasts, and monitoring to
generate knowledge that supports air quality control strategies.
GAFIS will serve as an international coordinating mechanism establishing and
propagating consistent methods and standards for existing and upcoming air quality
forecasting and information services, as well as for air quality observations used in
different stages of the air quality forecasting production chain. It will work closely with all
actors in the operational and research-type air quality and the wider atmospheric science
communities, but it will also try to establish links and cooperation with players outside
the air quality forecasting community, such as private sector companies and nongovernmental organizations (NGOs) to achieve mutual benefits such as improved
forecast products, better access to a wide range of air quality observations and improved
quality control of these observations.
GAFIS is led by a Steering Committee (SC). After a competitive selection process in
spring 2020, the WMO Environmental Pollution and Atmospheric Chemistry Scientific
Steering Committee (EPAC-SSC) nominated 15 members to the GAFIS SC from different
parts of the world (North America, Europe, Asia, Australia, and Africa) and from a wide
range of professional backgrounds representing air quality forecasting centres, scientific
research and academia, environmental agencies and user and impact analysis efforts.
2.2

Scope

The thematic scope of GAFIS has been split into four interconnected topical areas
(Figure 5) and for each topical area several specific goals have been identified. These
goals will be pursued in an integrated approach by dedicated working groups of GAFIS
SC.
The topical areas, the bases for the GAFIS implementation, are listed below and
described in Section 3:
1.

Capacity building and user requirements
Goal 1:

Characterize installed capacity of air quality forecasting and information
systems.
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2.

3.

4.

Goal 2:

Inquire user requirement and best ways to communicate air quality
information.

Goal 3:

Provide air quality modelling and forecasting training.

Good practices and evaluation of air quality forecasting and information systems
Goal 1:

Build operational model evaluation protocols

Goal 2:

Expand air quality inter-comparison efforts

Goal 3:

Promote data assimilation for air quality forecasting and information
systems (initialization and retrospective analysis).

Goal 4:

Promote development of emission data sets suited for operational nearreal-time applications

Observations required for air quality forecasting and information systems
Goal 1:

Develop inventory of useful observations and observational
infrastructure.

Goal 2:

Identify and, where possible, implement measures to improve
usefulness of existing observations.

Goal 3:

Agenda-setting on investment priorities for extending air quality
monitoring and improving usefulness of existing data sources.

Operational and scientific synergies between air quality forecasting and NWP
Goal 1:

Promote operational NWP-AQ synergies (model and data assimilation,
infrastructure, dissemination).

Goal 2:

Enhance NWP-AQ scientific interaction in operational NWP systems (e.g.
ozone and aerosols radiation interaction).

Goal 3:

Enable reforecast/reanalysis using data assimilation for long-term air
pollution monitoring.
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Figure 5. Topical areas in GAFIS
Starting from the air quality service perspective, topical area 1 will identify current gaps
in the provision of operational services and make viable proposals how to fill them. This
topical area also aims to document the multitude of user requirement with respect to
presentation, timeliness, and accuracy as part of the two-way feedback between users
and air quality service providers.
Topical area 2 will document and improve good practices of air quality forecasting with a
strong focus on evaluation protocols and model inter-comparison efforts, which have
been demonstrated to be a driver for improvements in operational NWP. Topical area 2
also identifies specific challenges for air quality information system such as the
availability of accurate emission data sets, observation-based optimizations of emissions,
data assimilation with high impact on surface concentrations and the need to apply
downscaling techniques from the model resolution to the spatial scales required by user
applications.
Topical area 3 approaches the air quality observations from an air quality service point of
view. Key challenges are the operational and timely access to data and metadata from a
wide range of networks with varying quality standards as well as the lack of observations
in specific regions such as South America and Africa. It will also explore how to increase
usefulness of novel data such as LCS and satellite products as part of the inputs to
operational air quality services.
Topical area 4 aims to promote the operational and the scientific synergies for NWP
centres to engage in air quality forecasting and air quality reanalysis efforts. GAFIS
supports an air quality approach linked to the WMO regional in close collaboration with
SDS-WAS and VFSP-WAS.
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GAFIS COLLABORATIONS
GAFIS is a new WMO GAW initiative to “enable and promote operational air quality
forecasting and information services in a globally harmonized and standardized way
tailored to the needs of society”. Its key competence is to enhance operational air quality
forecast and information systems and to support the implementation of such systems in
countries/regions where they do not exist.
To achieve these goals, GAFIS will seek to engage closely with all interested parties.
More specifically, GAFIS aims to develop collaboration with partners representing one or
more of the following sectors:
(i)

WMO

(ii)

Providers of Air Quality Forecasting and Information Systems (AQFIS)

(iii)

Users of AQFIS

(iv)

The scientific community engaged in air pollution research (Figure 6).

Various tasks conducted as part of one or more of the four identified topical areas
(Section 4) will be conducted seeking to expand the number of stakeholders or partners
and strengthen their collaborations with GAFIS.

Figure 6. Representation of the relationships between the different stakeholders
collaborating with GAFIS to enable and promote AQ FIS.

3.1

GAFIS within WMO

The WMO GAW Implementation Plan 2016–2023 builds around the concept “Science-toService” (Figure 7) and the WMO Strategic Plan 2020–2023 sets among its goals to
enhance the value of science-for-service to ensure that predictive capabilities are
improved by scientific and technological advances. Furthermore, Resolution 60 (Cg-18)
refers to three GAW projects that would be realized for specific user communities and
application needs. The GAFIS initiative is one of these emerging new services that will
support providers and users of air quality forecasting and information systems operating
from the global to regional to urban scale.
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As part of the GAW Programme, GAFIS will establish a close collaboration with all GAW’s
Scientific Advisory Groups (SAGs) and Expert Teams (ETs), especially the SAG for
Application, Reactive Gases and Aerosols and the GAW Urban Research Meteorology
(GURME) groups as well as with the ETs on Atmospheric Composition WDCs and the
Steering Committee of the new WMO initiative on Measurement-Model Fusion for Global
Total Atmospheric Deposition (MMF-GTAD).
The WMO includes different initiatives that address air quality related topics such as the
GAW Urban Research Meteorology and Environment Project (GURME). This initiative
seeks to “help enhance the capabilities of National Meteorological and Hydrological
Services to handle meteorological and related aspects of urban pollution”. Additionally,
WMO also includes Scientific Advisory Groups that tackle different aspects of air quality.
The SAG on Modelling Applications (APPS), for instance, aims to enhance the exchange
between different actors of atmospheric composition data such as GAW observational
community, modelling community and other end-users. The SAG on aerosols seeks to
determine the spatio-temporaal distribution of aerosol properties related to air quality
and climate forcing at different time and spatial scales. Furthermore, the WMO also
fosters two initiatives conducting forecast of air pollutants of natural origin, namely the
SDS-WAS and VFSP-WAS.
GAFIS will start collaborations with these and other WMO initiatives and SAGs to meet its
goal of enabling and promoting operational air quality forecasting and information
services. It will also contribute to further connect them with users and the scientific
community.

Figure 7. Interactions within GAW

GAFIS will build on existing WMO architecture to support efforts of air quality forecasting
services, within the meteorological community and outside. GAFIS aims to bring the
atmospheric composition component to WMO’s Earth System approach for developing
further NWP and climate monitoring and modelling. GAFIS will be fully inclusive and
engage with the entire air quality forecasting community, but its main emphasis will be
the operational activities and the transition of research-type system to an operational
status.
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GAFIS supports an air quality approach linked to the WMO regional centres thereby
learning from the example set by WMO’s Warning and Advice System for Sand and Dust
Storm (SDS-WAS) and Vegetation Fires and Smoke plume (VFSP-WAS).
GAFIS will pursue a regional approach, mainly following WMO regional structure, and
there will also be a global component. Subregional splits and cooperation with countries
across regions according to prevailing transport patterns of air pollutant may also be
considered.
3.2

GAFIS and providers of AQFIS

GAFIS’ main objective is to foster the international collaboration among providers of air
quality forecast and information systems and their components at the global, regional,
and local scales. AQFIS typically require integrating information on emissions, ambient
air quality, meteorology using some kind of model to draw out insight into air quality
sources and dynamics. While there are various efforts to convene and support
communities working on emissions, emitting activity data, monitoring, and modelling as
well as a variety of projects seeking to bring together these sources of information for
regions and/or specific user groups, substantial fragmentation remains both in the data
and in the AQFIS community. GAFIS seeks to support and enable a more collaborative
ecosystem for drawing together data and scientific advances for societal use in
addressing air quality.
Starting from a core group of AQFIS providers already associated with WMO activities
namely global and regional meteorological services such as the CAMS/European Centre
for Medium-Range Weather Forecast (ECMWF), China Meteorological Administration
(CMA), Environment & Climate Change Canada (ECCC), National Oceanic and
Atmospheric Administration (NOAA), National Aeronautics and Space Administration
(NASA), Finnish Meteorological Institute (FMI), GAFIS will aim to build links with
operational AQ information service providers from the environmental sectors, space
agencies and the private sector.
3.3

GAFIS and users of Air Quality Forecasting and Information Systems

GAFIS intends to collaborate with two broad groups of users of AQFIS from the different
sectors seeking to tailor the forecast and information services to their specific
requirements: first, public, private, and community leaders who are seeking insights on
air quality dynamics in order to develop and implement air quality control; and second,
the academic and research community that is seeking access to air quality information
components in order to develop new services and products.
A main objective of the dialogue with the users is to understand what kind of insights
about air quality levels, sources, and dynamics or other information is requested from
users as well as how and if these requests can be met with the established capabilities of
AQFIS. The interaction with users will therefore also guide the development strategies of
AQFIS and supporting observational infrastructure. Among the many different users are
end-users such as society in general, policymakers and businessman but also institutions
such as WHO and UNEP as well as intermediate users or service providers such as private
companies that combine forecast products with observations to create new products
and/or services satisfying a demand not addressed with existing products in the market.
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3.4

GAFIS and the scientific community

Finally, the scientific community includes the national/regional operational air quality
forecast centres and the numerous research groups from universities and research
centres that contribute to: (i) the improvement of the modelling framework, (ii) a better
characterization of the observations and their errors, (iii) the development of emission
inventories and new satellite retrievals and (iv) the community involved in the
development and characterization of LCS.
Within the scientific community, the International Global Atmospheric Chemistry (IGAC)
project represents a strong partner that provides access to the scientific community
focused on air quality research. The service-oriented goals of GAFIS are complemented
by the research-oriented goals of IGAC activities such as AMIGO (emissions assessment),
GEIA (emissions improvement) and MAP-AQ (model development and evaluation). IGAC
also provides a forum for community organized field studies that could be useful in
targeting key regions in need of attention identified by GAFIS. Finally, IGAC regional
working groups may provide a useful pathway for connecting local scientists with
decision-makers to expand monitoring capacity and adopt local forecasting programs
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GAFIS IMPLEMENTATION
GAFIS’s Steering Committee is composed by 15 members from different regions of the
world (North America, Europe, Asia, Australia and Africa) representing air quality
forecasting centres, scientific research and academia, environmental agencies and user
and impact analysis efforts. Working groups formed as subsets of this Steering
Committee developed the Implementation Plan structured around four topical areas.
Each one of these topical areas include a set of 3 to 4 of goals and each goal has an
initial set of associated tasks or activities. We do not anticipate that the steering
committee members and/or the WMO would necessarily complete all activities in the
coming year – some would require additional human and financial resources. The
activities list is therefore aspirational and meant to lay out a road map toward advancing
some of the broader community foundations outlined in the introduction. In each one of
the following sections, the different topical areas are presented and the individual goals
with their activities are described. With respect to the implantability of the tasks, we
distinguish between the following categories of required actors to progress the tasks:
•

GAFIS steering committee members and other WMO groups,

•

Together, and in, consultation with external partners outside the GAFIS SC
and WMO with incremental effort by existing projects in which GAFIS SC and
associates participate in,

•

Subject to additional resource availability, which make these tasks more
aspirational until the resources can be secured.

4.1

Topical area 1: Capacity building and user requirements

4.1.1

Overview

Current air quality forecasting and information systems are increasingly complex and are
difficult to adapt and handle for real-time operations, making training activities and
guidance material crucial aspects for their successful implementation and operation.
Training activities are also a vital forum for discussing science issues and advancements
related to air quality forecasting, promote collaborations among air quality forecasting
researchers and practitioners, and cultivate an international air quality forecasting
community.
The potential users of air quality forecasting and information systems span a wide range
of applications with specific requirements demanding for specific products. Additionally,
policy-relevant pollutants and their thresholds can vary from country to country, and
therefore requirements for users may also vary between countries. Identifying the needs
of the individual users is a prerequisite for a successful design of these products, and
ultimately for the exploitation of an air quality forecasting and information system.
The topical area 1 comprises these tasks in a systematic way and adds by building air
quality capacity in areas with a lack of air quality services. This as a logical step following
a capacity inventory characterizing the existing operational air quality forecasting
systems. The main goals of this topical area are (i) to build capacity to support
operational air quality monitoring, modelling, forecasting, training, and decision-making,
particularly in developing and less developed countries and (ii) to initiate a dialogue with
users of air quality services to identify their specific needs, as well as the products that
are best adapted to satisfy those needs.
The work to advance the topical area will be organized around the following specific
goals:
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4.1.2

Goal 1:

Characterize installed capacity of air quality forecasting and information
systems.

Goal 2:

Inquire user requirements and priorities for air quality forecasting and
information systems and best ways to communicate air quality
information.

Goal 3:

Provide air quality modelling and forecasting training.

Goal 1: Characterize installed capacity of air quality forecasting and
information systems

Plans to expand the countries/regions that operate air quality forecasting systems require
knowing the installed capacity as well as the needs and challenges to run these systems.
A survey oriented to national/regional agencies is a way to characterize the installed
capacity in different parts of the world and identify areas that require capacity building
and services.
Based on such a user consultation and gap analysis, the needs of different regions of the
world on an operational air quality forecasting and information systems can be identified.
These needs could go from training and/or guidance material to improved accessibility to
the existing air quality forecasts or the further development of specific service elements
such as observations, modelling, emission data and computer resources.
A first survey of air quality forecasting and information systems inquiring about the
applied models, the predicted species and the presentation of the forecast was conducted
in spring 2020. A total of 54 responses were received and a community data base has
been prepared containing the information provided by the survey. These results will also
guide the design of future surveys to further identify and characterize the installed
capacity in air quality forecasting and information systems.
The related key tasks are:
1.

Examine the survey results by synthesizing the different needs (e.g. data,
hardware) and identifying common gaps and challenges among the
participants. [GAFIS SC and WMO];

2.

Based on the survey, identify common methodologies, harmonization of
approaches, and verification methods. [GAFIS SC and WMO];

3.

Expand the survey to include more institutions and update the GAFIS air
quality forecasting and information system database. [With and in
consultation with external partners];

4.

Identify critical needs for research to operational transition and coordinate
across different groups with different foci. [With and in consultation with
external partners].

22

4.1.3

Goal 2: Inquire user requirement and best ways to communicate air quality
information

The users of air quality forecasting and information systems represent a wide range
of applications and sectors such as health, food/water, ecosystems, urban planning,
smart city, transportation, energy, and the general public. Their requirements and
expectations of the air quality products vary with respect to:
•

Temporal and spatial aggregation (e.g. 3 day forecast vs. annual mean and
street vs. regional level)

•

Forecast and presented air quality species and parameters (e.g. PM2.5, O3,
NO2, air quality indexes (AQI))

•

Accuracy and validation of the air quality products

•

Timeliness, robustness, and long-term prospect of the air quality service

•

Toxicology of individual air quality components and their combined impact

There are different ways this information is communicated to the user; however,
currently, no guidance exists on the best practice to transmit to the user the forecasting
products and their uncertainties. For instance, the multi-species results of air quality
system and observations are often presented to users aggregated in AQI to indicate their
health impact. However, different countries and forecast providers apply different
methods to calculate these indexes, which can confuse users and limit the options for
inter-comparison of different AQI forecasts. GAFIS will aim to provide an overview of AQI
definitions and provide guidance on the best practices for the application of AQI.
Quantitative information about the uncertainty of air quality forecast and reanalysis
products are a key request from users. This request can partially be met by providing
validation result of products with observations in a routine manner. However, more
fundamental limitations and uncertainties of the models exist due to their grid box
resolution, which often does not represent the finer scales (< 1 km) at which hazardous
air pollution occurs and which is recorded by observation. Users and in particular
decision-makers should be given specific guidance to understand the value of the air
quality products.
GAFIS will collect a wide range of user requirements and share them with the air quality
user community and to provide feedback to users on the current levels of uncertainty and
state-of-the-art air quality forecasting and information systems. GAFIS will use WMO
channels to engage with important user communities such as health (WHO). It will also
aim to establish links with national and regional air quality forecasting agencies, the
private sector, and NGO. These interactions will seek to define the optimal products to
satisfy the specific requirements of the different users and the best way to inform them.
GAFIS will also work with existing initiatives bringing together air quality modellers and
users such as the Forum for Air quality Modelling in Europe (FAIRMODE).
The related key tasks are:
1.

Understand the requirements of users from impacted community (e.g. health,
water, agriculture, energy, etc.) and how air quality information supports
their decision-making. [With and in consultation with external partners];

2.

Gather feedback from the user communities and suggest improvements to air
quality forecast and information providers. [With and in consultation with
external partners];

3.

Gather and document existing air quality products identifying their
shortcomings and strengths. [With and in consultation with external
partners].
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4.1.4

Goal 3: Provide air quality modelling and forecasting training

Comprehensive air quality and atmospheric composition forecasting training material has
been developed as part of the WMO educational programme in May 2019 (WMO, 2020 a).
It is a rich source for the documentation of current common practices of air quality
forecasting systems and GAFIS can facilitate broadening its reach throughout the
research and operational communities. GAFIS will contribute to the GAW-WMO training
activities and aims to closely collaborate with GURME-SAG and APP SAG. Previously held
1-to-2-week virtual training courses (material covered surface and satellite observations,
emissions inventory development, air quality modelling and forecasting, model
evaluation) should be continued in the future in conjunction with existing conferences
and/or workshops such as the tenth International Workshop on Air Quality Forecasting
Research (IWAQFR) in 2021.
For the long-term, different and extended forms of training such as trainee and
mentorship programmes will be explored.
The related key tasks are:
1.

Facilitate longer term training – duration of 3 to 6 months at host institutions.
[GAFIS SC and WMO];

2.

Clarify prospects for support for air quality training by WMO and other
institution such as NASA’s Applied Remote Sensing Training (ARSET).
[GAFIS SC and WMO];

3.

Clarify publication and access to Atmospheric Weather (AW) - Chemical
Weather (CW) training material. [GAFIS SC and WMO];

4.

Use WMO chemical weather training as resource/documentation of best
practices and generate a condensed version of the document. [GAFIS SC and
WMO].

4.2

Topical area 2: Good practices and evaluation of air quality forecasting and

4.2.1

information systems
Overview

Air quality forecast or retrospective and near-real-time (NRT) analysis efforts apply a
wide range of practices. GAFIS will connect with established international programs and
further WMO initiatives to collect information and summarize the state-of-knowledge
regarding these practices. Emphasis will be put on evaluation, model inter-comparison as
well as the application of data assimilation and the use of emissions data sets for nearreal-time applications.
Evaluation of air quality forecast or retrospective analysis faces specific challenges such
as the representativeness of the observations for the model grid box or the paucity of
speciated observations for many simulated aerosol and gas species as well as the lack of
observational coverage. GAFIS seeks to contribute to further develop communityapproved guidelines for air quality forecast evaluation and quality assurance. A practical
way to achieve that will be to support regional air quality forecast efforts that will further
improve the availability of operational air quality services.
Data assimilation of observations to improve the initial conditions has been a major
contributor for the continuous improvements in numerical weather prediction. GAFIS
aims to promote existing efforts to apply data assimilation of air quality forecasting and
reanalysis applications, while considering the specifics of air quality data assimilation.
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Emissions data are often considered to be the single-most important aspect for air quality
modelling. Given the GAFIS emphasis on operational application, promoting development
and good practice for the use of emission suited for near-real-time applications will be a
relevant topic for GAFIS.
The work to advance this topical area is organized around the following specific goals:

4.2.2

Goal 1:

Build operational model evaluation protocols.

Goal 2:

Expand air quality inter-comparison efforts.

Goal 3:

Promote data assimilation for air quality forecasting and information
systems (initialization and retrospective analysis).

Goal 4:

Promote development of emission data sets suited for operational nearreal-time applications.

Goal 1: Build operational model evaluation protocols

Air quality forecast and information systems can be evaluated individually or as part of
an inter-comparison exercise involving different air quality forecasting and information
systems. While the former focuses on the examination of the performance of a single
model to simulate the available observations, the latter also provides information on the
possible sources of model uncertainty through the model diversity around the simulated
observations.
Unlike NWP systems, which have well-established metrics for evaluating forecast skill, air
quality forecasts do not have consistent protocols for benchmarking forecast skill and
model improvement. As part of the GAFIS mission, it is critical for the advancement of air
quality forecasting and information systems that protocols for forecast evaluation be
established across model scales, agreed upon by forecast providers, and made available
to forecast users.
Some of the open questions to be included: Air quality modellers use metrics to describe
inherent model errors – such as mean bias, root mean square error, and correlation –
but are there additional metrics that should be considered for air quality forecasting, such
as categorical metrics for extreme events? What are the ideal temporal and spatial scales
for observations for such evaluations (station representativity versus model scale)? How
can air quality reanalyses be used to support the evaluation of air quality forecast
systems? Activities under this goal will attempt to address and promote attention to
these questions.
Several international programs have already coordinated evaluation methods. Based on
these and other existing expertise, GAFIS will outline best practices for operational model
evaluation specifically for air quality applications in order to implement similar techniques
across the different model scales. The outline for best practices in operational model
evaluation will also consider the needs and requirements of the user. GAFIS will provide
guidance on the observations which are best suited for the different model scales and
harmonize the evaluation techniques based on efforts in place such as FAIRMODE.
Value-added forecasts combining additional data sets from satellites or LCS with machine
learning (ML) and/or artificial intelligence (AI) and their role in the air quality information
services will be considered. Experiences with these techniques with focus on the type of
input datasets, algorithms and forecast quality also in relation to “traditional air quality
forecasts” will be collected.
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The related key tasks are:
1.

Overview of evaluation methods, in particular to match the “scale of the
observations and the model,” also making use of the WMO chemical weather
& AQ training material referenced in Topical Area 1. [GAFIS SC and WMO];

2.

Expand evaluation methods to include skills tailored to diverse user
requirements. [With and in consultation with external partners];

3.

Propose best practices for operational air quality forecasting across different
model scales. [With and in consultation with external partners].

4.2.3

Goal 2: Expand air quality inter-comparison efforts

Model inter-comparisons typically involve different models running with distinct or similar
sets of input data (e.g. emissions and meteorology) to address differences related to
model processes. Several international air quality forecasting inter-comparisons
initiatives or programs already exist: the regional Air Quality Model Evaluation
International Initiative (AQMEII) and International Cooperative for Aerosol Prediction
(ICAP). ECCC produces quarterly air quality multi-model verification for North America
with operational centre partners ECMWF and NOAA and non-operational partners NASA
Global Modelling and Assimilation Office (GMAO). The European Copernicus Atmosphere
Monitoring Service (CAMS) provides consistent and quality-controlled information for air
quality forecasts and retrospective analysis (i.e. “reanalysis”) for Europe calculated by an
ensemble of different regional models. Also, WMO’s SDS-WAS and VFSP-WAS (Baklanov
et al., 2021) have developed inter-comparison methods for their target species dust and
biomass burning aerosols, which can be adapted to the specific needs of air quality
forecasting.
GAFIS aims to gather information on these existing global and regional inter-comparison
efforts to aggregate and share best practices for evaluations to the global community.
GAFIS also encourages and supports model inter-comparison efforts in the regions facing
air pollution problems but for which no such work has been done at present, such as the
Asian region. Information and knowledge will be shared between participants through an
international partnership of research and operational communities. GAFIS aims to
connect the research community and the operational centres in the discussion.
The related key tasks are:
1.

Seek cooperation with existing inter-comparison efforts, such as the MAP-AQ
Marco Polo-Panda on China inter-comparison. [With and in consultation with
external partners];

2.

Extend ECCC North America inter-comparison with more models. [With and in
consultation with external partners];

3.

Establish operational air quality model inter-comparison for the Asia region
led by CMA. [With and in consultation with external partners];

4.

Establish a mechanism to facilitate international coordination to deliver and
share air quality model forecasts. [Subject to additional resource availability].
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4.2.4

Goal 3: Promote data assimilation for air quality forecasting and information
systems (initialization and retrospective analysis)

Data assimilation (DA) combines and propagates information from observations in space
and time using the governing equations and error estimates. GAFIS will focus on the
improvement of air quality monitoring and forecasting skills through utilizing
observations for DA and fusion, as well as the production of atmospheric composition and
air quality reanalysis datasets. To promote sharing of air quality data assimilation
knowledge, the current status of air quality DA for forecasting will be reviewed, with a
focus on identifying barriers that allow their implementation. To promote implementation
of DA for air quality forecasting, GAFIS will also seek to sponsor specialized conferences
and workshops on the topic such as the session on Atmospheric Composition at the WMO
International Symposium on Data Assimilation, and the BIRS 5-day Workshop on
mathematical approaches for DA of atmospheric composition and inverse modelling.
Air quality forecasting and information systems should not only assimilate surface
observations of particulate matter (PM2.5, PM10), visibility and trace gases (such as O3,
CO, NOx and SO2) but also geostationary and polar orbiting satellite-derived air quality
products along with the application of these products for real-time air quality analysis
and forecast. The optimal blending of multi-source observations such as surface data,
surface-based remote sensing, airborne data, and satellite data should be sought. If
possible, the performance of DA to adjust the initial meteorology field and chemical
concentrations jointly in Chemical Transport Models (CTM) and Coupled ChemistryMeteorology Models (CCMM) should be assessed.
The related key tasks are:
1.

Review current status of air quality DA for air quality forecasting. [GAFIS SC
and WMO];

2.

Identify barriers in air quality forecasting systems to implement DA. [With and
in consultation with external partners];

3.

Promote sessions on air quality DA for NWP-AQ forecasting systems. [GAFIS
SC and WMO].

4.2.5

Goal 4: Promote development of emission data sets suited for operational
near-real-time applications

One of the great challenges for air quality models is having accurate information on
pollutant emissions sources. Uncertainties in emissions contribute to the uncertainties to
quantify the impact of pollutants on climate and air quality. Global anthropogenic
emission inventories are massive undertakings and time-intensive to keep up-to-date.
For example, typical global data sets used in near-real-time (NRT) forecasting (e.g.
EDGAR 3.2) rely on activity data from nearly a decade ago and therefore may not
capture rapid changes in the emissions such as in China, India and other countries in
Southeast Asia in recent years. Especially in the current climate, with COVID-19
restrictions and social-distancing measures drastically reducing emissions during 2020
(Doumbia et al., 2021), there is a need to update emission datasets in near-real-time to
model realistic atmospheric chemistry. Furthermore, global emission inventories do not
necessarily capture contributions of individual sectors to the total emissions and
therefore must include specific local information. However, estimating these contributions
in countries with scarce activity data is challenging.
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GAFIS will provide guidance on quality assurance and reporting standards for emissions
to be used in air quality models. Additionally, GAFIS will collect information on
approaches available for the determination of emission uncertainty as an input for
ensemble air quality forecasting. GAFIS will survey novel methods, many using satelliteinformed techniques or DA, which provide updates to emission inventories. This work will
be conducted in close collaboration with GEIA and AMIGO initiatives, both IGAC activities
specialized in emissions improvement and assessment, respectively. Besides this, GAFIS
will review techniques for the emission timing (temporal split of annual total emissions to
hourly emission rates) in air quality forecasts.
The related key tasks are:
1.

Identify requirements of emissions data sets required for NRT applications and
opportunity of near-real-time updates of emissions for air quality forecasting
and information system. [With and in consultation with external partners];

2.

Provide an assessment of emission inventories and novel inversion techniques
(e.g. GEIA and AMIGO). [Subject to additional resource availability];

3.

Raise awareness for the lack of good anthropogenic emission data for certain
parts of the world. [GAFIS SC and WMO].

4.3

Topical area 3: Observations required for air quality forecasting and
information systems

4.3.1

Overview

The performance of an air quality forecasting and information system depends greatly on
the underlying observations used to evaluate its forecast products, constrain the model
(data assimilation) and to conduct posterior bias corrections. Traditional sources of
observations for these purposes are regulatory-grade monitoring stations, however large
data-constrained areas exist in the world. When data are available, they may not always
be in a timely manner for operational purposes. This data scarcity is being met by an
emerging wealth of observations from LCS and satellite products. Although these new
data can become key for the improvement of air quality forecasting, their value for this
purpose needs to be explored and assessed. In this topical area we introduce the concept
of “usefulness” of data as distinct from traditional metrics of quality in the sense of
accuracy and bias. “Useful” data are data that are suited for particular use cases by being
sufficiently timely, at the right temporal and spatial scale for the question being asked,
well-enough labelled that uncertainty can be factored into their use, readily and reliably
retrievable, among other characteristics.
GAFIS seeks to support initiatives that aim to expand the geographic coverage and
improve the accessibility of air quality observations that advance operational air quality
forecasting and information systems. It works alongside the other GAFIS’s topical areas,
and in the broader context of WMO efforts, to build capacity to develop, maintain, and
use observational data as well as operate networks to generate high-quality observations
of urban, industrial, and other areas; and maintain an archive of high-quality
observations.
Observations contribute to operational air quality forecasting in various ways, including:
assimilation in NWP-AQ systems and reanalysis, performance testing of air quality
forecasting and information systems products, near-real-time correction & downscaling,
science algorithm development, and observation-based air quality assessment. Each use
of observational data includes distinct requirements for data coverage, quality,
timeliness, accessibility and other characteristics.
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The work to advance the topical area is organized around the following specific goals:

4.3.2

Goal 1:

Develop inventory of useful observational infrastructure.

Goal 2:

Identify and, where possible, implement measures to improve
usefulness of existing observations.

Goal 3:

Agenda-setting on investment priorities for extending air quality
monitoring and improving usefulness of existing data sources.

Goal 1: Develop inventory of useful observations and observational
infrastructure

The inventory of available observations includes a growing variety of new sources of
information that could be useful for advancing operational air quality forecasting.
However, air quality monitoring suffers from regional gaps and existing data vary
significantly in quality and temporal and spatial coverage. Potentially high-quality data
from research campaigns also exist but are often not currently aggregated, thus make it
difficult to know what data exist, much less to encourage programmatic openness. At the
same time, unofficial monitoring – private, community, and NGO-led monitoring using
instruments of varying qualities – is growing quickly. Satellite products are also a fastgrowing stock of data that can be used, in some cases, and with some additional crossreferencing, to supplement observations for some uses in forecasting.
GAFIS aims to review and compile the state of global air quality monitoring, leveraging
the WMO database including in-situ (government) observation networks and data
repositories, satellite products that are currently available and/or likely to be
programmatically available in the near-future and LCS networks with clear labelling of
instrument, data collection, and other information used to assess quality. GAFIS proposes
to focus on work that ensures that this growing stream of new observations are useful for
operational forecasting methods. This is distinct from the classic WMO mission of
expanding the coverage of high-quality observations but is pragmatic in the sense that it
increases the prospects for extracting useful information from more of the fast-growing
pool of low and medium quality data.
The related key tasks are:
1.

Build inventory of existing observations and platforms that aggregate
observations for air quality applications (surface, remote sensing and LCS).
[GAFIS SC and WMO];

2.

Define protocols to improve accessibility to air quality data, particularly those
currently not exploited. [With and in consultation with external partners];

3.

Characterize the existing data gaps and prioritize their impact on our ability to
track exposure and equity in access to clean air and develop decision-relevant
AQFIS. [Subject to additional resource availability].
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4.3.3

Goal 2: Identify and, where possible, implement measures to improve
usefulness of existing observations

Although regular air quality data might exist in certain cities, these are not necessarily
easily accessible and therefore not exploitable for air quality forecasting and information
systems which need access to well-labelled and/or quality-controlled air quality data in a
timely manner. Operational evaluation and operational monitoring of air quality
forecasting can use lagged data, though ideally the lag should not be more than a week
or a month. DA and bias correction for forecast, however, require observations in nearreal-time. The NRT criteria for data availability are only met by a selection of the
reference-grade science networks. Data from other sources could be potentially useful as
long as quality can be characterized. On the other hand, aggregator sites of air quality
observations such as OpenAQ, IQAir/UNEP and World Air Quality Index Project (AQICN)
often provide a large amount of data close to near-real-time but several of the provided
data sets lack sufficient quality control and/or information that could be used to assess
their quality. Expertise in QA/QC by WMO and NWP services could be applied to introduce
more stringent QC and metadata procedures for aggregator sites.
Many observational air quality networks are not available via an aggregator site and
GAFIS could engage with these providers to identify that hurdles that may exist
(infrastructure or personnel) to provide existing observations to a global platform. This
task complements the efforts of data aggregating platforms to meet the needs of data
users – those who retrieve data from the platform – by helping identify potential barriers
to supply data shared with the platforms that make it addressable.
More concretely, the following kinds of activities could become catalysing efforts to
ensure that more of the existing and ongoing investment produces useful data. These
activities will particularly focus on building capacity to generate higher quality data as
well as supporting more detailed and standardized labelling by air quality platforms:
The related key tasks are:
1.

Support data producers in generating useful data:


2.

Work with and in consultation with external partners and WMO to set up
free procurement and technology evaluation guidance for city and
national governments embarking on observation expansion programs so
that these investments produce high-quality and useful data. [With and
in consultation with external partners]
o

Work with WMO group on LCS to develop and publicize appropriate
user guidelines for LCS as an input into FIS; building on past
reviews of LCS. [With and in consultation with external partners]

o

Follow up on ECMWF Summer of Weather Code (ESoWC) project
on QC and regime classification for OpenAQ data. [With and in
consultation with external partners]

o

Create capacity building materials and data clinics to help identify
quality problems in government data [With and in consultation
with external partners]

Engage with platforms and data providers to understand barriers to including
data on aggregator platforms in order to develop design principles for
technology and institutional arrangements for researchers, corporations, and
other holders of higher quality data to pool data to be made programmatically
available. [Subject to additional resource availability];
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3.

Ensure that GAW WDCs provide data close to near-real-time suitable for
operational air quality forecasting [GAFIS SC and WMO];

4.

Develop initial concept and convene potential backers and partners for more
comprehensive air quality data infrastructure for making more observations
programmatically available and useful. [Subject to additional resource
availability].

4.3.4

Goal 3: Agenda-setting on investment priorities for extending useful air
quality monitoring

The goal of this work would be to help national and/or subnational government agencies
shape investment to expand their air quality monitoring systems. Potential funding
agencies or institutions considered are philanthropy, national science funding,
international bodies such as UNEP or WHO, global and regional multilateral/bilateral
development finance including development banks as well as the Global Environment
Fund (GEF) or similar funds. It would help these groups to be more informed and
strategic, and ensure that funding is channelled into useful data.
In addition to health impact assessments, air quality data also contribute to climate
monitoring, and this co-benefit can serve as cross-referencing for available satellite
products and thus extend their reach. Air quality data could also serve as calibration for
networks of many LCS. Highlighting the co-benefits of air quality data on other topics
might not only increase interest in funding air quality monitoring but also enlarge the
potential funding opportunities.
The related key tasks are:
1.

Identifying investments that would help complete networks or clusters of
observations so that they can be more useful for operational AQFIS. [GAFIS
SC and WMO];

2.

Liaise with and outreach to potential funders of air quality observations to
help build awareness of these priorities. [GAFIS SC and WMO].

4.4

Topical area 4: Operational and scientific synergies between air quality
forecasting and NWP

4.4.1

Overview

Air quality forecasting and NWP share several methodological aspects. Both need nearreal-time access to observations for assimilation or validation purposes. Additionally,
both need initial and boundary conditions corresponding to observed conditions and both
also generate large amounts of data that need to be processed, analysed and interpreted
before generating the forecasted product (Brasseur and Kumar, 2021). Furthermore, air
quality and meteorology are mutually dependent and while the dependence of the former
on the latter is well known, dependence of the meteorology on air quality or atmospheric
composition also exists. Circulation model biases in features such as radiative budget and
temperature can be addressed by including interactive aerosols and greenhouse gases in
their representation.
Models allowing changes on atmospheric composition to feedback to meteorology (online
CTM or CCMM) are increasingly being exploited to improve the performance of weather
forecasts. Therefore, a synergy between NWP and air quality is desired and national
and/or regional weather forecasting agencies are the ideal place to take advantages of
these synergies and benefit from the experience of NWP on air quality forecasting and
information systems. GAFIS will give scientific activities and research teams associated
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with WMO a way to evaluate their contributions in a chain of research-operational
forecasts and services, in accordance with the WMO focus on science for services.
The main goal of this Topical Area is to encourage NWP-AQ coupling and feedback
research and its operational applications. It also seeks to establish more regional nodes
within GAFIS and facilitate more pre-operational or operational NWP-AQ forecasting in
more regions and countries with an ability and strong need.
The work to advance the topical area will be organized around the following specific
goals:

4.4.2

Goal 1:

Promote operational NWP-AQ synergies (model and data assimilation,
infrastructure, dissemination).

Goal 2:

Enhance NWP-AQ scientific interaction in operational NWP systems (e.g.
ozone and aerosols radiation interaction).

Goal 3:

Enable reforecast/reanalysis using DA for long-term air pollution
monitoring.

Goal 1: Promote operational NWP-AQ synergies (model and data assimilation,
infrastructure, dissemination)

Given the common methodologies between NWP and air quality forecasting and
information systems, the large computational resources needed to conduct the
forecasting computations and the important demand of highly qualified personnel to run
and maintain these services, existing regional/national weather forecasting agencies are
the ideal candidate to assume the responsibility to implement and apply air quality
forecasting systems. Several centres conducting NWP have already expanded to include
forecasting of air quality in their operational systems such as CAMS at ECMWF (Flemming
et al., 2009) and GEM-MACH at ECCC (Moran et al., 2010). GAFIS aims to contribute to
national/regional weather forecast centres efforts to conduct air quality forecasts.
Information gathered as part of Goal 1 (Characterize installed capacity) from TA 1
(Capacity building and user requirements) will allow to characterize the configuration
between air quality forecasting and information systems and NWP in countries and region
with existing air quality forecasting. This will allow to design optimal strategies in which
the experience gained at NWP over the decades can contribute to improve air quality
forecasting and information systems. In countries/regions without operating air quality
forecasting and information systems, building on existing NWP capabilities and resources
can facilitate to overcome entry barriers to have operational air quality forecasting and
information systems.
The capable (or participating) regions are encouraged to develop their national
operational CTM or CCMM air quality forecasting and information systems. Existing
modelling groups and operational centres are encouraged to join the operational air
quality forecast within a regional node to develop multi-model intercomparison and
ensemble efforts. Within this framework, sharing the criteria and methodologies of model
version between the different air quality forecast producers is promoted, and if not
clearly defined for certain producers, the adoption of such criteria and methodologies is
encouraged.
GAFIS will invite air quality forecast producers to undertake medium-long-term plans of
development, to help ensure a sense of long-term commitment. These plans could be
shared between the different air quality forecast producers on a voluntary basis. In
addition, air quality forecast providers will be encouraged to pursue alternative
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algorithms, such as based on AI, to address the most computationally intensive part of
the code.
The related key tasks are:
1.

Document “success stories” of centres conducting weather and air quality
forecasting. [With and in consultation with external partners];

2.

Seek active relationship with NWP Centres (operational and research)
currently engaged in air quality forecasting and information systems. [GAFIS
SC and WMO];

3.

Engage with WMO Global Data-Processing and Forecasting System (GDPFS)
process, find out role of air quality, liaise with the Regional Specialized
Meteorological Centres (RSMC) or even Volcanic Dispersion, Nuclear
Emergency response. [GAFIS SC and WMO].

4.4.3

Goal 2: Enhance NWP-AQ scientific interaction in operational NWP systems
(e.g. ozone and aerosols radiation interaction)

Several air quality forecasting systems simulate the quality embedded in the
meteorological models. Examples for such online CCMM systems are WRF-Chem used in
several forecast centres (https://ruc.noaa.gov/wrf/wrf-chem/Real_time_forecasts.htm)
or the ECMWF integrated forecasting system used in CAMS. A clear advantage of the
online coupled approach is the increased consistency between atmospheric composition
and weather simulation. Furthermore, it opens opportunities to account for the impacts
that aerosol and other pollutants have on radiation and cloud properties, which have
shown to be beneficial in many studies that focus on specific pollutions events. (e.g.
Wang et al., 2015, 2018; Baklanov et al., 2018; Benedetti et al., 2018; Kumar et al.,
2020). However, the benefit may not always be achieved in conditions with low or typical
aerosol load (Brunner et al., 2015). GAFIS will participate in the discussion to facilitate
the research on aerosol-radiation-boundary layer-cloud interaction in CCMMs and its
impacts and feedback on relevant NWP variables and air quality relevant chemistry
tracers and processes for different forecast timescales. The objective is that
demonstrating benefit of AQ-NWP coupling will encourage National Meteorological and
Hydrological Services (NMHS) to engage more with air quality forecasting and
information system efforts.
GAFIS will also address the impacts of meteorological modelling parameters on air quality
forecasting by examining processes such as advection, turbulence diffusion, land-surface,
planetary boundary layer in NWP-AQ forecasting system. Similarly, GAFIS will also
promote to address, evaluate and improve the impacts of physical, chemical parameters
(and schemes) and emissions parameters (and schemes) in air quality part of CCMM with
similar parameters used in the meteorological driver model. GAFIS will also advertise the
use of chemical tracers to diagnose NWP relevant processes such as diffusion and
transport.
The related key tasks are:
1.

Highlight the benefits of the coupled composition-weather modelling in an
operational forecasting context. [GAFIS SC and WMO];

2.

Encourage coupled models in regional nodes, to make an assessment in an
operational context of the gain for NWP by considering interactive
atmospheric composition, radiation, microphysics (usually simplified) and
dynamics. [GAFIS SC and WMO];
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3.

Engage with Working Group on Numerical Experimentation (WGNE) project
from the WMO on prognostic aerosols in radiation and cloud physics for
medium-range and seasonal forecasting range. [With and in consultation with
external partners];

4.

Engage with WMO SC to identify interaction for atmospheric composition
(e.g. GRIB code for AC and AQ parameters) and air quality observations from
the WMO Information System (WIS). [With and in consultation with external
partners].

4.4.4

Goal 3: Enable reforecast/reanalysis using DA for long-term air pollution
monitoring

Meteorological and air quality models are continuously changing seeking to improve their
performance to reproduce the spatial and temporal evolution of the state of the
atmosphere. These continuous changes make it difficult to examine the interannual
variability and trends over the last decades up to present (Flemming et al., 2017; Innes
et al., 2013, 2019). To overcome these difficulties, reanalyses are generated where a
single “frozen” version of the model and DA system are applied to re-analyse past
observations (surface, balloon-based, satellite retrievals) and emissions with minimum
changes throughout the period of interest.
The production of a long meteorological reanalysis is common practice in several NWP
centres such as ECMWF, National Centre for Environmental Protection (NCEP) and the
Japan Meteorological Agency (JMA). Multiple centres are also generating reanalysis of
atmospheric composition such as the CAMS produced by the ECMWF (Inness et al.,
2019), the Japanese Reanalysis for Aerosol (JRAero) from JMA (Yumimoto et al., 2017)
and the Modern Era Retrospective analysis for Research and Applications, Version 2
(MERRA-2) from NASA’s GMAO (Gelaro et al., 2017).
GAFIS will promote the realization of regular reanalysis products in different centres
conducting operational forecast of the atmospheric composition. In coordination with
Topical Area 1, 2 and 3, GAFIS will facilitate application of reanalysis for air quality
monitoring: promoting the creation of a data repository of surface observations along
with its metadata over a long time period, suitable for retrospective weather forecast
(reforecast)/reanalysis. Knowledge of changes in instrumentation over time, reporting
known biases, and providing some knowledge on instrument errors, should facilitate the
development of a reanalysis.
The related key tasks are:
1.

Promote atmospheric composition reanalysis efforts that are suited for air
quality analysis. [GAFIS SC and WMO];

2.

Promote the creation of a data repository of observations and their metadata
suitable for reanalysis. [With and in consultation with external partners];

3.

Prepare material for training course (Topical Area 1) highlighting benefits and
challenges of reanalysis as well as steps towards an operational reanalysis.
[GAFIS SC and WMO].
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GAFIS OUTREACH
Outreach and communication activities are key not only to expand and increase the
visibility of GAFIS within the WMO community, national/regional forecasting centres and
scientific and policy communities but also to share its findings and products with the
members of the stakeholders’ network
GAFIS has several communication objectives:
•

Communicating the role of GAFIS as a convening body responsible for
promoting and enabling collaboration toward implementation and operation of
air quality forecasting and information systems.

•

Communicating about existing and forthcoming air quality forecasting and
information system products tailored to meet the requirements of the wide
range of users.

•

Developing messaging tailored to country and regional needs for motivating
and advancing operational AQFIS. This may include, for example, information
on the latest developments in air quality forecasting and information systems,
the benefits of conducting operational air quality forecasts, and/or information
on steps toward building operational AQFIS.

•

Communicating to scientific community the needs and challenges that need to
be addressed to meet the user requirements for AQFIS and system
components (e.g. emission inventories, monitoring data, data management).

The key related activities to be undertaken by the GAFIS SC and WMO are:
1.

Build and maintain a website containing and promoting the results of GAFIS’
work and informing the stakeholders on the latest developments and
products;

2.

Generate outreach material highlighting the importance and relevance of air
quality forecasting and reanalysis products for policymakers and society in
general;

3.

Participate in key scientific meetings to spread the role and work of GAFIS.

Contribute to the WMO GAW Air Quality and Climate Bulletin.
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ACRONYMS
AC

Atmospheric Composition

AI

Artificial Intelligence

AOD

Aerosol optical Depth

AQI

air quality indexes

AQ

Air Quality.

AQMEII

Air Quality Model Evaluation International Initiative

AMIGO

Analysis of emissions using observations

APPs-SAG

Modelling Applications – Scientific Advisory Groups

CAMS

Copernicus Atmosphere Monitoring Service

CCAC

Climate and Clean Air Coalition

CCMM

coupled chemistry-meteorology models

CMA

China Meteorological Administration

CO

Carbon monoxide

CTM

Chemical Transport Model

CW

Chemical Weather

DA

Data Assimilation

ECCC

Environment & Climate Change Canada.

ECMWF

European Centre for Medium-Range Weather Forecast

EDGAR

Emissions Database for Global Atmospheric Research

EPAC-SSC

Environmental Pollution and Atmospheric Chemistry Scientific Steering
Committee

ESoWC

ECMW Summer of Weather Code

FAIRMODE

Forum for Air quality Modelling in Europe

FIS

Forecasting and Information Systems

FIM

Finnish Meteorological Institute

GAW

Global Atmospheric Watch

GDPFS

Global Data-Processing and Forecasting System.

GEF

Global Environment Fund

GEIA

Global emissions initiative.

GMAO

Global Modelling and Assimilation Office

GURME-SAG GAW Urban Research Meteorology and Environment Project – Scientific
Advisory Groups
ICAP

International Cooperative for Aerosol Prediction

IGAC

International Global Atmospheric Chemistry

JMA

Japan Meteorological Agency

LCS

Low-cost sensor.

MEIC

Multi-resolution Emission Inventory for China

ML

Machine Learning

MMF-GTAD

Measurement-Model Fusion for Global Total Atmospheric Deposition

NASA

National Aeronautics and Space Administration
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NGOs

Non-governmental Organizations

NWP

Numerical Weather Prediction

NOAA

National oceanic and atmospheric administration

NRT

Near Real Time

NOx

Nitrogen Oxide

PM2.5

Particulate Matter with diameter less or equal than 2.5 m

O3

Ozone

QC/QA

Quality Control/Quality Assurance

RSMC

Regional Specialized Meteorological Centres

SDG

Sustainable Development Goals

SDS-WAS

Sand and Dust Storm Warning Advisory and Assessment System

SO2

Sulfur Dioxide

SC

Steering Committee

TA

Topical area

VFSP-WAS

Vegetation Fire and Smoke Pollution Warning Advisory and Assessment
System.

WDCs

World Data Centres

WGNE

Working Group on Numerical Experimentation

WHO

World Health Organization

WMO

World Meteorological Organization
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ANNEXES
8.1

Tables summarizing goals and tasks of the Implementation Plan
Table 1. Goals and Tasks associated to Topical Area 1
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Table 2. Same as Table 1 but for Topical Area 2.
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Table 3. Same as Table 1 but for Topical Area 3
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Table 4. Same as Table 1 but for Topical Area 4
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8.2

GAFIS Terms of Reference

See details in Annex 3 of the First Report of the Research Board.
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