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Motivation: A new concept for

Seamless Meteorology and Chemistry Modelling

• Physical and Chemical Weather: dependence of meteorological processes (incl. 
precipitation, thunderstorms, radiation, clouds, fog, visibility and PBL structure) on 
atmospheric concentrations of chemical components (especially aerosols).

• Meteorological data assimilation (in particular assimilation of radiative properties) also 
depends on chemical composition.

• Air quality forecasts loose accuracy when CTMs are run offline.

• Climate modeling: large uncertainty of SLCFs, water vapor feedbacks, etc.

=> Need for a new generation of seamless integrated meteorology and chemistry modelling 
systems for predicting atmospheric composition, meteorology and climate evolution !



Advantages of On-line & Off-line modeling

On-line coupling
• Only one grid; 
• No interpolation in space
• No time interpolation
• Possibility to consider aerosol forcing 

mechanisms
• All 3D met. variables are available 

No restriction in variability, no mass 
consistency concerns 

• Possibility of feedbacks from 
meteorology to emission and 
chemical composition

• Does not need meteo- pre/post-
processors

• Physical parameterizations are the 
same; No inconsistencies

• Harmonised advection schemes for 
all variables (meteo and chemical)

• Maybe more suitable for ensembles

Off-line
• Easier to use for the inverse 

modelling and adjoint problem; 
• Independence of atmospheric 

pollution model runs (interpretation 
of results independent of 
meteorological model 
computations);

• More flexible grid construction and 
generation for ACT models,

• Suitable for emission scenarios 
analysis and air quality 
management. 

• Possibility of independent 
parameterizations;

• Low computational cost (if NWP 
data are already available and no 
need to run meteorological model); 

• Maybe more suitable for ensembles 
and operational activities;

Baklanov & Korsholm, 2007



CCMM Symposium Key Topics
The main focus is on aerosols and their feedbacks/forcing, with 
the following scopes and frameworks:
- Coupled chemistry-meteorology (weather and climate) modelling 
(CCMM): approaches and requirements;
- Key processes of chemistry-meteorology interactions and their 
descriptions;
- Aerosol effects on meteorological processes and Numerical 
Weather Prediction (NWP);
- CCMM for air quality and atmospheric composition;
- CCMM for regional and global climate modelling;
- Model validation and evaluation;
- Data requirements, use of observations and data assimilation;
- Outlook and future challenges.

What can we learn from each of these three communities?



Key scientific questions:
• What are the advantages of integrating meteorological and 

chemical/aerosol processes in coupled models?
• How important are the two-way feedbacks and chains of feedbacks for 

meteorology, climate, and air quality simulations?
• What are the effects of climate/meteorology on the abundance and 

properties (chemical, microphysical, and radiative) of aerosols on 
urban/regional/global scales?

• What is our current understanding of cloud-aerosol interactions and 
how well are radiative feedbacks represented in NWP/climate models? 

• What is the relative importance of the direct and indirect aerosol effects 
as well as of gas-aerosol interactions for different applications (e.g., for 
NWP, air quality, climate)?

• What are the key uncertainties associated with model predictions of 
feedback effects?

• How to realize chemical data assimilation in integrated models for 
improving NWP and air quality simulations?

• How the simulated feedbacks can be verified with available 
observations/datasets? What are the requirements for observations 
from the three modelling communities?



Major research and development initiatives:

• EuMetChem COST Action ES1004: European Framework for 
Online Integrated Air Quality and Meteorology Modelling,  

• WMO WGNE study Aerosol effects on NWP, GURME: GAW 
Urban Research Meteorology and Environment , SDS-WAS: 
Sand and Dust Strom Warning Advisory and Assessment 
System,

• WCRP Chemistry-Climate Model Initiative (CCMI) and 
Working Group on Coupled Modelling (WG CM), 

• MACC/Copernicus Atmosphere Monitoring Services (CAMS), 
• AQMEII: Air Quality Model Evaluation International Initiative, 
• ICAP: International Cooperative for Aerosol Prediction, 
• and many national climate, AQ and NWP forecast programs, 

complemented by research studies. 





Collaboration with COST Action ES1004 EuMetChem: European 
Framework for Online Integrated Air Quality and Meteorology Modelling 

Base map: © 2004-2009 schulbilder.org

Chair: A. Baklanov,

Co-chairs: S. Joffre, H. Schluenzen

23 COST countries

4 COST neighbour countries

3+2 COST partner countries

3 EU institutions

18 online models analysed => 





Importance and Representation of Aerosol-chemistry-
meteorology interactions for NWP, CWF and Climate models

Baklanov  et al., ACP, 2014
Kong et al., AQC, 2014



Survey Results –Top Six Ranked Important Interactions  

Top six ranked Meteorology and chemistry interactions Changes in … affect (->) … Score1 Score2

(A) Numerical Weather Prediction (NWP)

aerosol -> precipitation (initiation and intensity of precipitation) 3.1 1.3

aerosols -> radiation (shortwave scattering/absorption and longwave absorption) 3.1 1.9

temperature vertical gradients -> vertical diffusion 3.1 2.2

aerosol -> cloud droplet or crystal number density and hence cloud optical depth 3.1 1.3

aerosol -> haze (relationship between the hygroscopic  growth of aerosols and humidity) 2.9 1.0

aerosol -> cloud morphology (e.g., reflectance) 2.7 1.2

(B) Chemical Weather Forecast (CWF)

wind speed -> dust and sea salt emissions 3.8 2.5

precipitation (frequency/intensity) -> atmospheric composition 3.8 2.7

temperature -> chemical reaction rates and photolysis 3.7 2.9

radiation -> chemical reaction rates and photolysis 3.7 2.7

liquid water -> wet scavenging and atmospheric composition 3.6 2.3

temperature vertical gradients -> vertical diffusion 3.6 2.6

(C) Climate modelling

aerosols -> radiation (shortwave scattering/absorption and longwave absorption) 3.4 2.3

radiatively active gases (e.g., water vapour, CO2, O3, CH4, NO and CFC) -> radiation 3.4 2.0

aerosol -> precipitation (initiation and intensity of precipitation) 3.0 1.4

radiation -> chemical reaction rates and photolysis 3.0 1.5

aerosol -> cloud droplet or crystal number density and hence cloud optical depth 3.0 1.4

temperature -> chemical reaction rates and photolysis 3.0 2.0

Primary attention needs to be given to the interactions with high ‘score1’  (importance of the interaction for 
models) together with low ‘score2’ (adequacy of the representation of the interaction in models)



EuMetChem in AQMEII online models evaluation exercise 

EuMetChem WG4 leader Dominik Brunner

European 
domain

Year 2010 

Selected case studies for aerosol feedbacks:
1. Russian forest fires, summer 2010
2. Sahara dust episode over Europe
3. MEGAPOLI Paris measurement campaign



WRF-Chem Sensitivity Runs on 2010 Russian Fire Case Study: 
Chains of aerosol direct & indirect effects on meteorology

Kong et al, AE, 2014

• Significant aerosol direct effects on 
meteorology (and loop back on 
chemistry).

• Reduced downward short wave 
radiation and surface temperature, 
and also reduced PBL height. It in 
turn reduced photolysis rate for O3

• The normalized mean biases are 
significantly reduced by 10-20% for 
PM10 when including aerosol direct 
effects.

• Indirect effects are less pronounced 
for this case and more uncertain.



Processes (clouds, aerosols)
For variables in For applications

Met. Chem. Biol. NWP AQ Clim.

Cloud processes 
• Microphysics, dynamics, 
• In-cloud and below-cloud scavenging,
• Aqueous-phase chemistry

X X
X
X

X
X
X

X X
X
X

X
X
X

Aerosol processes 
• Chemistry
• Thermodynamics 
• Dynamics

(X)
X
X
X

(X)
(X)

X
X
X

X
X
X

Representation of aerosol–radiation–cloud–
chemistry interactions (improve indirect 
estimates of aerosol effect)

X X X X X X

Relevance of better knowledge on specific processes to improve 
simulation of meteorological, chemical, biological variables

EuMetChem: Baklanov,  Schlünzen et al.



Process (emissions)
For variables in For applications

Met. Chem. Biol. NWP AQ Clim.

Meteorology-dependent emission processes to 
be described more accurately:
• Biogenic
• Sea spray
• Windblown dust
• Lightning

(X)

X
X
X
X

X

(X)

X
X
X
X

X
X
X
X

Anthropogenic emission data in urgent need for 
improvement:
• Ships
• Wild fires
• Volcanic eruptions X

X
X
X X

X
X

X
X
X

Heat fluxes sources needing better knowledge: 
• Wild fires 
• Volcanic eruptions

X
X

X
X

X
X

X
X

X
X

Relevance of better process descriptions to improve simulation of 
meteorological, chemical, biological variables

EuMetChem: Baklanov,  Schlünzen et al.



Model formulation and implementation 
For variables in For applications

Met. Chem. Biol. NWP AQ Clim.

Frequency of coupling between meteorology 
and chemistry models needs to be high enough 
to (at least) properly consider effects of 
mesoscale events (land-sea breeze, etc.). 

X (X) X (X)

Data assimilation methodology for 

meteorological and chemical data that 

avoids antagonistic effects and over-

specification due to interactions between 

meteorological and chemical variables

X X X X X X

Consistency in processes ensures one single 
atmosphere is simulated (to achieve by 
improving collaboration of communities)

X X X (X) X X

Online access modelling to be transferred to 
online integration of met., chem., biol., to avoid 
double work 

X X X (X) X X

Model formulation and implementation aspects to improve 
simulations of meteorological, chemical, biological variables

EuMetChem: Baklanov,  Schlünzen et al.



Recommendations for evaluating models 
For variables in For applications

Met. Chem. Biol. NWP AQ Clim.

International test-bed for model evaluation of 
urban- and mesoscale models (AQMEII...+)

X X X X X

To be additionally evaluated: 

• Shortwave and longwave radiation,

• Photolytic rate of NO2, 

• AOD, COT, CCN

• Cloud droplet number concentration

• Precipitation

X

X
X

X
X
X

X

X

X

X
X

X
X
X
x
X

Additional measurements needed for 
evaluations:
• Radiative forcing, 
• PBL height or vertical mixing, 
• Photolytic rates of NO2, 
• AOD, COT, CCN
• Long-term measurement data sets (incl. met. 

variables, aerosol and cloud properties, biol. 
variables)

X
X

X

X
X
X
X
X

X
X

X

X
X

X

X
X
X
X
X X

Recommendations for model evaluation of coupled 
meteorology, chemistry, biology models

EuMetChem: Baklanov,  Schlünzen et al.



• Relative importance of online integration and of the priorities, requirements and level of details 
necessary for representing different processes and feedbacks can greatly vary for these related 
communities.

• NWP might not depend on detailed chemical processes but considering the cloud and radiative effects 
of aerosols can be important for fog, visibility and precipitation forecasting.

• For climate modelling, feedbacks from GHGs and aerosols become extremely important. However in 
some cases (e.g., for long-lived GHGs on global scale), fully online integration of full-scale chemistry is 
not critically needed.  Still too expensive, so models need to be optimized and simplified. 

• For chemical weather forecasting and prediction of atmospheric composition in a changing climate, the 
online integration definitely improves AQ and chemical atmospheric composition projections. 

• Different targets with respect to temporal as well as spatial scales, but also to processes under focus. 
• For AQ forecasting, the key issue is usually the ground-level concentration of pollutants, whereas for 

weather and climate studies model skill is typically based on screen level temperature, wind speed and 
precipitation. 

• For pollen forecast: Improve pollen emission simulation and correspondingly concentrations. Feedbacks 
are not important. Chemistry is not considered, but interaction with allergens would be interesting to 
study (not done yet).

• Main gaps: Understanding of several processes: aerosol-cloud interactions are poorly represented; data 
assimilation in online models still to be developed to avoid over-specification and antagonistic effects.; 
model evaluation for online models needs more (process) data and long-term measurements – and a 
test-bed.

Online coupling for (i) NWP and MetM, (ii) AQ and CWF, (iii) 
Climate and Earth System modelling



CCMM Possible Applications:

• Chemical Weather Forecasting (CWF) 

• Numerical Weather Prediction (NWP) for precipitation, visibility, 
thunderstorms, etc. 

• Integrated Urban Meteorology, Environment and Climate Services

• Sand and Dust Storm Modelling and Warning Systems

• Wild fire atmospheric pollution and effects

• Volcano ash forecasting, warning and effects

• High Impact Weather and Disaster Risk 

• Effects of Short-Lived Climate Forcers 

• Earth System Modelling and Projections

• Data assimilation for CWF and NWP

• Weather modification and geo-engineering 



• Online modelling approach is a prospective way for 
future single-atmosphere modelling systems with 
advantages for applications at all time scales of 
NWP, AQ and climate models. 

• Not necessarily one integrated online modelling 
approach/system is best for all communities.
 Parameters of one sphere do not singly depend on 

processes of that very sphere (e.g. wet deposition depends 
on aerosol and cloud formation).

 We need improved understanding of several processes but 
also of some parameters.

 Data assimilation in online models still to be developed to 
avoid over-specification and antagonistic effects.

 Model evaluation for online models needs more (process) 
data and long-term measurements – and a test-bed.

Conclusions



Thank You !

COST ES1004 EuMetChem: http://eumetchem.info
WMO GAW and WWRP: www.wmo.int
GURME: http://mce2.org/wmogurme

MEGAPOLI: http://megapoli.info
EuMetChem AQMEII wiki-page: http://aqmeii-eu.wikidot.com/

AQMEII: http://aqmeii.jrc.ec.europa.eu/

Contact: abaklanov@wmo.int

Welcome to submit your papers to the ACP & GMD Special Issue 
‘Coupled chemistry–meteorology modelling: status and relevance for numerical weather 

prediction, air quality and climate communities’:
http://www.atmos-chem-phys-discuss.net/special_issue241.html

http://eumetchem.info/
http://www.wmo.int/
http://mce2.org/wmogurme
http://megapoli.info/
http://aqmeii-eu.wikidot.com/
http://aqmeii.jrc.ec.europa.eu/
mailto:abaklanov@wmo.int
http://www.atmos-chem-phys-discuss.net/special_issue241.html


18 UTC, 7 May 2002 30-hr forecast
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GALION

Surface-based LIDAR

NASA A-Train MODIS  CALIPSO

&

Geostationary Satellite IR Obs
Global AOD Network Long-term Sites

4+ years in operation, >50% coverage, as of March 2004

Total count = 90

AERONET-LT

Other

GAW/AERONET/SKYNET  

Surface-based AOD

WMO Supported Aerosol and Weather Prediction Research

European PM10

Presentation of the Barcelona Dust Forecast Centre, AEMET, Madrid, Spain, June 10th, 2014



PM2.5 concentrations simulated on 

29 June 2012 

over the eastern U.S.

Data assimilation 

in coupled chemistry meteorology models

Assimilation of surface PM2.5 data into WRF-Chem
(Source : M. Pagowski and G. Grell)

Bias (top) and correlation (bottom) for simulated PM2.5

against observations for the 28 June -7 July period without 

(blue line) and with (red line) EnKF data assimilation 
Contribution to WG3 overview paper to ACP



Data assimilation 

in coupled chemistry meteorology models

Assimilation of satellite AOD data into WRF-Chem
(Source : P. Saide and G. Carmichael)

Results when assimilating satellite retrieved AOD with 3D-Var over the 

southwestern U.S. for 1-10 May 2010 (Modified from Saide et al., 2013).

. 

Model and observed mean PM2.5 over AQS 

sites in California and Nevada.

Mean PM2.5 as a function of forecast hour 

for the same sites. 

Contribution to WG3 overview paper to ACP



Suggestions for WMO WGNE - EuMetChem

COST ES1004 collaboration

• Joint analysis of on aerosol feedbacks on NWP (case 
studies of WGNEE (3), EuMetChem (3), AQMEII (2010))

• Initial discussion on EGU Session AS4.2 ‘Integrated physical 
and chemical weather modelling with two-way 
interactions’ and Splinter meeting on 30 Apr 2014

• Participation in Aveiro Summer School, 6-11 June 2014
• Joint EuMetChem/MACC/WGNEE/WCRP Coupled 

Chemistry-Meteorology Modelling Conference at WMO, 
Geneva, 23-25 Feb 2015.

• Joint Web-site and WMO report.
• ACP/GMD special issue jointly with WMO WGNE and 

EGU/WWOSC/AQC Integrated modelling sessions.
• Joint vision of the EuMetChem Activity after COST ES1004


