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The anthropogenic emissions are represented by 
emission inventory ECLIPSE (Evaluating the Climate 
and Air Quality Impacts of Short-Lived Pollutants) 

providing emissions for both long-lived greenhouse 

gases and short-lived aerosol species with horizontal 
resolution of 0.5 deg. For each pollutant, the emission 
data correspond to 10 codes SNAP (Standard 
Nomenclature for Air Pollution). These are linked to 
such sectors as industry, transportation, agriculture, 
residential, commercial, etc. The ship emissions are 

represented by a combination of AU-RCP6.0 (Aurhus 
University & Representative Concentration Pathways 
v6.0) and STEAM (Ship Traffic Emission Assessment 
Model) datasets, having 0.5 deg and 0.09x0.05 deg 
resolutions, respectively. The wildfires emissions are 
represented by IS4FIRES (An Integrated Monitoring 
and Modeling System for Wild land Fires) and GFAS 

(Global Fire Assimilation System) datasets with 0.5 deg 
resolution.  

For the Enviro-HIRLAM simulation, the meteorological 
ICs/BCs are provided in GRIB-format (GRIdded Binary) 
which is commonly used in meteorology to store 
forecasting and historical weather data. The chemical 

ICs/BCs and emission inventories are provided in the 
netCDF-format (Network Common Data Form) files.  
The M7 aerosol module (Vignati et al., 2004) takes into 
aerosol microphysics and includes the following 
components:  black carbon (BC), organic carbon (OC), 
mineral dust, sulphate, and sea salt. The mass 
concentration (for Aitken, coarse and accumulation 

modes) of sulphur, black carbon and organic carbon for 
soluble, BC and OC – also in Aitken mode for insoluble; 
sea salt (both in coarse and accumulation modes for 
soluble); and dust (both in coarse and accumulation 

modes, and both soluble and insoluble) are modelled at 
each model level, with the lowest one at about 32 m 
asl. The number concentration of both soluble and 

insoluble aerosols for 3 modes are calculated as well as 
cloud droplet umber concentration. Concentration of 
particular matter - PM10 and PM2.5 - are then, 
calculated based on a proportional ratio of aerosols. 
For aerosols, the dry deposition includes gravitational 
settling and deposition due to aerosol interactions with 

the underlying surface. Wet deposition or scavenging 
takes place in-cloud (i.e. rainout) and below-cloud (i.e. 
washout).  
The Enviro-HIRLAM generated model output includes 
surface and model vertical levels (in total 40) fields for 
almost 200 meteorological parameters used in 
numerical weather prediction (all saved in GRIB-

format). More details about these can be found at 
ECMWF (apps.ecmwf.int/codes/grib/param-db) or 
HIRLAM (hirlam.org) websites (registration is needed). 
The concentrations of chemical species/ aerosols (listed 
above) are saved in the same files of the GRIB-format. 
As a demo-illustration, an example of the Enviro-
HIRLAM model output in a downscaling chain over 3 

different geographical domains having 3 different (15, 
5 and 2 km) resolutions is shown in Fig. 1 for 
meteorological (air temperature) and chemical (organic 
carbon) parameters. 
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Following the Enviro-HIRLAM model setup (Mahura, 
TP2008), initial and boundary conditions (ICs and BCs) 
for both meteorological and atmospheric composition 

were extracted. Meteorological IC/BCs were retrieved 
from ECMWF-IFS (European Centre for Medium- Range 
Weather Forecasts - Integrated Forecasting System) 
model with a horizontal resolution 0.15 deg. These 
included fields (at model levels) for the air temperature, 
wind speed components, specific humidity, surface 
pressure. The MACC (Monitoring Atmospheric 

Composition and Climate) reanalysis data as chemical 
ICs/BCs were retrieved as well. These included fields (at 
the model levels) for mixing ratios of dust aerosols (0.03-
0.55, 0.55-0.9, 0.9-20 µm), both hydrophilic and 
hydrophobic black carbon and organic matter, sulphate 
aerosols, as well as ozone, nitrogen oxides and sulphur 
dioxide. For gaseous components (such as H2O, O3, NO, 

NO2, HNO3, H2O5, H2O2, CH4, CO, CH2O, CH3OH, C2H5OH, 

C2H6, CH3CHO, C3H6, C3H8, CH3COCH3, C5H8, C2H4, C4H8, 
C5H12, C7H8, peroxyacyl nitrates (PAN), SO2, dimethyl 
sulfide (DMS), SO4) the IFS-MOZART (Model for OZone 
And Related chemical Tracers) model reanalysis data 
were used. 

 
Figure 1. An example of the Enviro-HIRLAM model output  

(runs in a downscaling chain over domain of K15, K05, and K02 with 

horizontal resolutions of 15, 5, and 2 km, respectively: top-middle-

bottom plate) for the air temperature at 2 m (left) and organic carbon 

(OC) (right). The circles shows the Kola Peninsula location. 
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