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• Retrospective Applications

• Reproduce historical pollution episodes to gain insights into factors controlling pollutant 
concentrations

• Identify the areas of model improvement to enhance model’s capabilities
• Advanced Probing Applications

• Quantify contributions of source area A to receptor B or impact of source sector C on the 
concentration at B through source appointment

• Perform process analysis to understand the most influential process for key pollutants
• Conduct simulations with different emission scenarios to develop cost-effective air pollution 

control strategies
• Air Quality/Climate Forecasting 

• Forecasting future air quality/climate change (short-term or long-term)
• Evaluate the impact of emission control strategies on future air quality and human life
• Design, plan, and analyze field experiments

• Integrated Eco-Environmental-Health Studies or Earth system modeling
• Integrated air quality, human health, and climate modeling system
• Integrated eco-environmental modeling system (e.g., atmosphere, land, ocean, economy, 

risk/probability analysis, societal impact, etc.)
• An atmospheric component model in the Earth system models

Types of Application of Air Quality Models (Zhang, 2024)



Steps in 3-D Air Quality Model Applications (Jacobson, 2005)

1. Define purpose of model
2. Determine scales of interest
3. Determine dimension of model
4. Select physical, chemical, dynamical processes treated
5. Select variables
6. Select computer architecture (scalar vs. vector,  single vs. parallel, shared 

vs. distributed memory)
7. Write code for model or choose an existing model
8. Optimize memory and speed of model
9. Select time steps and time intervals
10. Set initial conditions
11. Set boundary conditions
12. Select input data
13. Select ambient data for comparison
14. Interpolate data and model results for inputs and outputs
15. Select or write algorithms for statistics and graphics
16. Run model simulations
17. Run sensitivity tests
18. Improve model based on results
 



Weather Research and Forecasting (WRF) model
• Numerical weather prediction model
• Scalable: from global to local scale
• Flexible: different physics and chemistry options
• Integrates physical processes: radiation, cloud microphysics, planetary boundary layer, … 
• Open-source developed by a collaboration of research institutions:  scientific challenges
• Applications: severe weather forecasting, climate studies, input for other air quality models, …

WRF coupled with Chemistry (WRF-Chem)
• Simulates gas-phase chemistry, aerosols, and meteorological-chemical interactions
• Key applications:

o Study air quality and track pollutants
o Interactions between weather and chemical processes
o Understanding impacts of climate change
o Modeling and forecasting urban air pollution
o Tracking hazardous emissions: wildfires, industrial activity, transportation, …

WRF and WRF-Chem



Other inputs 

• Anthropogenic emissions
• Biomass emissions

– 4 options

• Online modules
– Biogenic emissions  (4 options)
– Dust emissions (4 options)
– Sea-salt emission 

Emissions 

• Topographical data
• Land use
• Soil moisture
• Initial and boundary conditions
• Chemistry data

– Chemical-rate coefficients
– Cross-section and quantum yield data
– Activity-coefficient data



Options for Gas-Phase Chemical Mechanism (Ahmadov et al., 2018)



Available Aerosol Modules (Ahmadov et al., 2018)



Available Chemistry-Aerosol Options (Ahmadov et al., 2018)



General Consideration (Ahmadov et al., 2018)



General Consideration (Ahmadov et al., 2018)



• WRF-Chem  version 4.6.0 (released in May 2024)
• Simulation Period  January, March, April 2023
• Grid Resolution  36-6-1 km 
• Anthropogenic Emissions EDGAR version 8.1
• Initial/Boundary Cond. 10-day spinup, Whole Atmosphere Community Climate Model (WACCM)

Application of WRF-Chem over Africa (Zhang et al., 2024) 

Objectives: Develop model testbed for WMO Training course and demonstrate model performance

Egypt:  
6km

Cairo: 
1km

North of Africa: 
36km



Cairo: 1km

DOMAIN OPTION

Grid spacing 36-km / 6-km / 1-km

Grid size of d01 229 ×162

Grid size of d02 217 × 199

Grid size of d03 103 × 79

Vertical resolution 35 layers

North of Africa: 36km

Egypt:  6km

Triple-nested Modeling Domains



Important Considerations for Testbed Design (Zhang et al., 2024) 

• Jan: High PM2.5 due to strong inversions and of agriculture waste burning 
• March/Apr: high PM10 from dust storms due to khamaseen depressions
• D01 allows simulations of impacts of long range transport from Europe, D03 captures urban phenomena

PM10 data from Zeinab 
Salah Mahmoud 

Abdullah, EMA, 2024 

PM2.5 data 
from AirNow 
processed by 
Khanh Do, NU



WRF-Chem Version 4.6.0: Model Configuration 

PARAMETER OPTIONS
Shortwave radiation RRTMG shortwave (Iacono et al., 2008)
Longwave radiation Updated RRTMG scheme (Iacono et al., 2008)
Cloud microphysics Lin et al. Scheme
Surface layer Pleim-Xiu (Pleim, 2006) 
Land surface Pleim-Xiu Land Surface Model (Pleim & Xiu, 1995, 2003; Xiu & Pleim, 2001)
Boundary layer ACM2 PBL (Pleim, 2007)
Cumulus clouds Tiedtke scheme (Tiedtke, 1989; Zhang et al., 2011)

FDDA
All domains / all layers outside PBL; grid nudging 6h interval for 109 hours; 

guv = 0.0003 gt = 0.0003 gq = 0.00001
Gas-phase chemistry 2005 Carbon Bond chemistry mechanism (CB05) (Wang et al., 2015)
Photolysis Fast-J photolysis (Barnard, 2004; Wild et al., 2000)
Aerosol chemistry Modal aerosol dynamics model for Europe (MADE)  (Ackermann et al., 1998)
Secondary organic aerosol Volatility Basis Set (VBS) (Ahmadov et al., 2012)
Dust emissions GOCARTa dust emissions with AFWAb modifications (LeGrand et al., 2019)
Sea salt emissions GOCART sea salt emission scheme (Gong, 2003)

a Global Ozone Chemistry Aeroso; Radiation and Transport;  c Air Force Weather Agency (U.S.)



• Learn considerations of model simulation design and application
• Learn the input choices and namelist options
• Learn all input data need to run the model 

– initial and lateral boundary conditions
– emission sources

• Learn major steps to compile code and run the model
• Learn how to process observation/reanalysis data for model evaluation 
• Learn fundamental on model performance evaluation
• Learn output data post-processing and analysis 

Goal of WMO Hands-on Model Training
Objective: Acquire knowledge on WRF-Chem and hands-on training on its application in Africa
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WRF-Chem Inputs used for the Testbed

INPUTS SOURCES OF INPUTS
Meteorology IC/BC NCEP Final analysis 0.25 degree (NCEP-FNL, 2020)
Geographical data WPS V4 Geographical Static Data
Land use data MODIS
Gas and aerosol IC/BC WACCM (Gettelman et al., 2019)
Anthropogenic 

emissions
EDGAR 8.1 (Crippa et al., 2024)

Biogenic emissions
Model of Emissions of Gases and Aerosols from Nature 

(MEGAN 2) (Guenther et al., 2006)
Fire emissions Fire Inventory from NCAR (FINN) (Wiedinmyer et al., 2011)



Diagram of Model Inputs and Outputs & Methods



Fortran preprocessor

Using R

Fortran preprocessors

WRF pre-

processing 

system

Fortran preprocessors

Diagram of Model Inputs and Outputs & Methods



Boundary Conditions



Initial and Boundary Conditions for Gases and Aerosols

Global Chemical Transport Models are often used to drive regional models like 
Community Multiscale Air Quality Model (CMAQ), Weather Research and 
Forecasting Model coupled with Chemistry (WRF-Chem), and CHIMERE.  
Example Models:

1. GEOS-Chem (Goddard Earth Observing System)
2. GOCART (Goddard Chemistry Aerosol Radiation and Transport)
3. CAM-chem (Community Atmosphere Model with Chemistry)
4. TM5 (Transport Model 5)
5. MOZART (Model for Ozone and Related Chemical Tracers)
6. CAMS (Copernicus Atmosphere Monitoring Service) Global Model
7. UKCA (United Kingdom Chemistry and Aerosol Model)
8. EMAC (ECHAM/MESSy Atmospheric Chemistry Model)
9. WACCM (Whole Atmosphere Community Climate Model)



Initial and Boundary Conditions for Gases and Aerosols

• North of Africa: 36-km
   Based on a global CTM
• Egypt: 6-km
   Based on 36-km predictions
• Cario: 1-km
   Based on 6-km predictions

Egypt:  6km

Cairo: 1km

ICs/BCs

North of Africa: 36-km



Initial and Boundary Conditions for Gases and Aerosols
MOZBC preprocessor and WACCM Model Data

(https://www2.acom.ucar.edu/gcm/waccm)



Download WACCM outputs
(https://rda.ucar.edu/datasets/d313006/dataaccess)



Download MOZBC Preprocessor: 
(https://www.acom.ucar.edu/wrf-chem/download.shtml)

MOZBC source code

1.Download and compile mozbc the pre-processor

2.Link met_em files from WPS and copy the wrfinput / wrfobdy from WRF

3.Download output from the WACCM model (it can be combined using ncrcat command) 

4.Run ./mozbc < cb05_d01.inp > log.mozbc



Initial Conditions for O3

36-km, D01 6-km, D02 



Biogenic Emissions



Biogenic Emissions Processing using MEGAN 2
(https://ruc.noaa.gov/wrf/wrf-chem/wrf_tutorial_2012/wrfchem_tutorial_biogenic.pdf)



1.Download and compile megan_bio_emiss pre-processor and input data:

2.Copy the wrfinput files from WRF

3.Untar bio_emiss_input_files data

4.Run./megan_bio_emiss < bioemiss.inp > log.megan

Download Source Code and Inputs
(https://www.acom.ucar.edu/wrf-chem/download.shtml)

BIO_EMISS 
source code Inputs



Isoprene Emissions Generated using MEGAN 2
36-km, D01 6-km, D02 



Fire Emissions



Fire Emissions
Many fire emission datasets are available in near-real-time, making them 
valuable for operational air quality forecasting and assessment. Major 
global fire emission inventories include

1. GFED (Global Fire Emissions Database)
2. FINN (Fire INventory from NCAR)
3. GFAS (Global Fire Assimilation System) – Copernicus
4. QFED (Quick Fire Emissions Dataset)
5. BBECS (Biomass Burning Emissions from Copernicus Services)
6. FEER (Fire Energetics and Emissions Research) Dataset
7. VNP14IMGML (VIIRS Active Fire Product)
8. FLAMBE (Fire Locating and Monitoring of Burning Emissions)



Fire Emissions Processing 
Based on FINN v2.5

Download INPUTS:
(https://rda.ucar.edu/datasets/ds312.9/dataaccess/)

(https://ruc.noaa.gov/wrf/wrf-
chem/wrf_tutorial_2012/wrfchem_tutoria
l_biogenic.pdf)



1.Download and compile fire_emis pre-processor

2.Untar the static inputs

3.Download and gunzip FINN files on grid_finn_fire_emis_v2020 folder

4.Run ./fire_emis < finn_wrf.inp > log.fire

Download Source-Code (https://www.acom.ucar.edu/Data/fire/)

Source code and static input 



Anthropogenic Emissions



Anthropogenic Emissions

Anthropogenic (human-made) emissions datasets with global coverage vary in 
resolution, temporal coverage, and species available. Examples include:

1. EDGAR (Emissions Database for Global Atmospheric Research)
2. HTAPv2 (Hemispheric Transport of Air Pollution)
3. CAMS-GLOB-ANT (Copernicus Atmosphere Monitoring Service – Global
                                       Anthropogenic Emissions)
4. ECLIPSE (Evaluating the Climate and Air Quality Impacts of Short-Lived Pollutants)
5. CAIT (Climate Data Explorer)
6. GAINS (Greenhouse Gas and Air Pollution Interactions and Synergies)
7. PRTR (Pollutant Release and Transfer Register)
8. GAINS City-Scale Dataset
9. RETRO
10. DACCIWA emission inventories (regional emissions over Africa)



Anthropogenic Emissions Processing based on EDGARv8.1

Download inputs and additional information:
Global air pollutants Emissions (version 8.1): 
(https://edgar.jrc.ec.europa.eu/dataset_ap81)

Global GHG pollutants (version 8.0): 
(https://edgar.jrc.ec.europa.eu/dataset_ghg80)



Download 
EDGARv8.1 
monthly sector-
specific gridmaps



Anthropogenic Emissions Processing Using R-package EmissV
Dev:        https://github.com/atmoschem/EmissV
Official: https://CRAN.R-project.org/package=EmissV
Doc:        https://atmoschem.github.io/EmissV

Atmoschem: is a non-governmental 
organization of software developers 
focusing on air quality modeling on 
Github.
(https://github.com/atmoschem)



Anthropogenic Emissions Processing Using R-package EmissV



1.Download EDGAR and install the R-packages EmissV and eixport

2.The function read()is used read EDGAR 8.1 emission files

3.The function gridinfo() Extract the domain information from a wrfinput file

4.The function emission() interpolates and converts the units for WRF-Chem

5.The functions wrf_create() create the emission file

6.The functions wrf_put() and to_wrf() write the emissions 

Anthropogenic Emissions Processing Using R-package EmissV



EDGAR 8.1 NOx emissions using read()

Anthropogenic Emissions Processing Using R-package EmissV
WRF-Chem model ready NOx emissions using emission()

EDGAR (0.1)

6-km, D02 

36-km, D01 



EDGAR 8.1 SO2 emissions using read()

Anthropogenic Emissions Processing Using R-package EmissV
WRF-Chem model ready SO2 emissions using emission()

EDGAR (0.1)

6-km, D02 

36-km, D01 



EDGAR 8.1 OC emissions using read() WRF-Chem model ready OC emissions using emission()

Anthropogenic Emissions Processing Using R-package EmissV

EDGAR (0.1)

6-km, D02 

36-km, D01 



Anthropogenic Emissions: Differences (Jan – Apr, 2023)
NOx VOCs SO2



Anthropogenic Emissions: Differences (Jan – Apr, 2023)
OC BC



Summary
• The choice and configuration of the air quality models depend on the 

purpose of model applications. It takes 18 major steps and involve several 
important considerations in applying a 3-D air quality model for domains 
and time periods of interest

• WRF-Chem is a widely-used online-coupled model that accounts for 
important feedbacks of meteorology and chemistry. It offers multiple 
physics, chemistry, and aerosol options 

• Major inputs for WRF-Chem include topographical and land use data, soil 
moisture, initial and boundary conditions, emissions, and chemistry data

• Preparation of model inputs for applications requires careful pre-
processing steps of many relevant types of data and mapping them into 
the grids used for model applications.
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