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•EMEP-WRF is based on the CLRTAP EMEP MSC-w model (rv4.17)

•Eulerian approach

• Meteorology driver is the Weather Research Forecast model 
(WRF 3.9.1.1 www.wrf-model.org)

• Global to regional scale (~100s km to 1 km)

• Vertical domain from surface (~45 m) up to 100hPa ( ~16 km)

• Global emissions HTAPv2, EU emission EMEP, UK emissions NAEI, 
and shipping emissions Finnish Met. Ins.

• 3D meteorology output (wind speed, temperature, …)

• 3D chemistry output of more than 80 species, including:
• ozone, 
• nitrogen dioxide 
• particulate matter
• secondary inorganic and organic aerosols

The EMEP-WRF typical setup

ACP Vieno et. al, 2010, 2014, 2016 and ERL Vieno et. al, 2016

Core model derived from EMEP MSC-W model (ACP Simpson et al., 2012) 

http://www.emep4uk.ceh.ac.uk/
http://www.wrf-model.org/


Overview

• Brief WRF model setup and choice of domain

• The EMEP MSC-w nested setup with WRF model 

• Examples of EMEP-WRF model application



Example of model nesting setup – global to regional

1.0º×1.0º

µg m-3

0.013º×0.013º (~1 km2)0.33º×0.33º

2015 near surface concentration of NO2



Atmospheric chemistry transport model – reality check

• ACTM models are a numerical approximation 
of the real world

• The real atmosphere, or part of it, is 
approximate by a 3D grid

• The left image show how models may 
approximates elevation



The Weather and Research Forecast model (WRF)

• Mostly I used the 3.9.1.1 version, but recently I updated to the latest 4.0.3 (EMEP works with either)

• WRF can calculate past meteorology and also forecast with nudging or without nudging

• I use the GFS-FNL for the historical and GFS for the forecast

• It is very flexible for the choices of horizontal and vertical domains with varying resolutions

• There is NOT a standard setup and many parameterizations and combinations can be chosen

• It require a relatively large computer (i.e. 100s CPUs)

• It can be temperamental with only “segmentation fault” as an error message



Let assume you had WRF compiled and ready to go…

Lots of help and documentation can be found in the WRF website…(www.wrf-model.org)



WPS setup (WRF pre-porcessor) – Global and nest South Asia

This domain will set automatically the 
EMEP model domain too



WRF model domain setup – Global and nest South Asia





WRF model runs for a Global + European nested domain



WRF vs WMO evaluation
DULUTH site USA

• WRF 3.9.1.1

• 1º×1º horizontal resolution

• GLOBAL domain

2 m temperature

Cumulative rainfall 10 m wind speed



WRF vs WMO evaluation
BELINSKIJ site RUSSIAN FEDERATION

Cumulative rainfall

• WRF 3.9.1.1

• 1º× 1º horizontal resolution

• GLOBAL domain

2m temperature

Cumulative rainfall 10 m wind speed



WRF vs WMO evaluation
INDIA site (BIJAPUR)

Cumulative rainfall

• WRF 3.9.1.1

• 1º× 1º horizontal resolution

• GLOBAL domain

2 m temperature

Cumulative rainfall

10 m wind speed



WRF vs WMO evaluation summary

• Mountain terrain at coarse resolution 

underestimate the elevation and therefore 

overestimate the temperature

• Coast sites where the dominant land 

category is sea the modelled temperature 

is effectively the sea surface temperature

• Different surface scheme, micro physics, 

and cumulus schemes may have a 

different performances



The global EMEP-WRF can be applied everywhere on Earth

Some application of the EMEP-WRF model

• Regional applications in South Asia (as in the 
example), Africa, Brazil, China and India

• UK application for specific events

• EU and UK WRF and EMEP-WRF Forecast



EMEP-WRF global spatial distribution of PM2.5

https://www.nasa.gov/topics/earth/features/health-sapping.html

Global satellite-derived map of PM2.5 averaged over 2001-2006. 
Credit: Dalhousie University, Aaron van Donkelaar

Global scale EMEP model results based on 2010 HTAP v2 emissions and 2016 meteorology,

compared to earth observations averaged over 2001-2006 for fine particulate matter (PM2.5).



Monthly EMEP-WRF model results (WRF setup example)

Ozone PM2.5



Regional EMEP-WRF Africa 0.1ºx0.1º



PM episode in the spring of 2014 EU and UK 

2014/03/29

UK Met Office

Saharan dust show in magenta



2014 was a busy UK “air pollution year”

Vieno, M., Heal, M. R., Twigg, M. M., MacKenzie, I. A., Braban, C. F., Lingard, J. J. N., Ritchie, S., Beck, R. C., Móring, A., Ots, R., 

Marco, C. F. D., Nemitz, E., Sutton, M. A., and Reis, S.: The UK particulate matter air pollution episode of march–april 2014: More 

than saharan dust, Environmental Research Letters, 11, 044004, 2016.

Harwell monitoring site in south England – daily mean



2014 was a busy UK “air pollution year”

Twigg, M. M., Ilyinskaya, E., Beccaceci, S., Green, D. C., Jones, M. R., Langford, B., Leeson, S. R., Lingard, J. J. N., Pereira, G. M., 
Carter, H., Poskitt, J., Richter, A., Ritchie, S., Simmons, I., Smith, R. I., Tang, Y. S., Van Dijk, N., Vincent, K., Nemitz, E., Vieno, M., 
and Braban, C. F.: Impacts of the 2014–2015 holuhraun eruption on the UK atmosphere, Atmos. Chem. Phys., 16, 11415-11431, 
10.5194/acp-16-11415-2016, 2016.

Harwell monitoring site in south England – daily mean



Reactive nitrogen is the cause of the elevated PM in the UK

• The speciated PM2.5 from the MARGA
instrument shows a large component of
Ammonium nitrate in the plume at two
different sites in the UK

• Ammonium nitrate was formed in
continental EU by the interaction of
ammonia (mainly from agricultural) and
nitrogen oxidised (traffic and industry)
then advected to the UK

• Saharan dust was a small component to the 
UK episode but more relevant to continental 
EU

• Ammonia is a key precursor of UK 
particulate matter

• Reactive nitrogen have a long range impact



Interestingly there was evidence of substantial dust washed out by rain in the UK

Guardian, 01 April 2014



Saharan dust

Nitrate PM

3D iso-surface
(5 ppbv)
Aerosol_concentrations = VMR * rho * Mw(aerosol) / Mw(air) * 1e9

The model results shows a very complex dust vertical structure

North

UK

France

Germany

Norway

12:00 on the 30th March 2014 12:00 on the 4th April 2014Yellow Saharan dust (>1 ppbv)

Green Nitrate PM (>1 ppbv)



EMEP4UK 2012 daily mean vs AURN 

Auchencorth moss



EMEP4UK 2012 daily mean vs AURN 

Birmingham



EMEP4UK 2012 daily mean vs AURN 

Harwell

Didcot power plant not working in 2014 – 2014 NAEI base year emissions



EMEP MSC-W 

Rv4.17a_rep2018

EMEP4UK - WRF 

Rv4.17 – 3.7.1

2014 2015 2016

EMEP official results vs. EMEP-WRF



EMEP-WRF three days forecast (very unofficial)
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