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The model setup: 510 x 568 grid points along longitude 
x latitude; 360 sec time step; 40 vertical levels. The 
model runs included: control run (CTRL – none of 

aerosols effects included), and runs with direct (DAE), 

indirect (IDAE), and both combined (DAE+IDAE) 
effects included. 
In winter time, BC is produced due to incomplete 
combustion of fossil fuels, etc. Once emitted, in the 
atmosphere BC is mixed with other aerosols species 
such as sulfates and organics. BC deposited on the 

snow surface, will change albedo and increase melting. 
At the same time, both sulphur dioxide and organic 
carbon are very important to take into account for 
estimating impact of BC on meteorology and climate. 
Analysis of variability for basic statistical parameters 
such as average, median, maximum, minimum and 
standard deviation was performed for all model runs 

and differences between the model runs. As seen in 
Fig. 1, in winter time, the differences between the 

control vs. direct, indirect, and combined aerosol 
effects included are less pronounced for average 
concentration of BC in the Arctic regions, compared 
with other geographical regions. But these differences 

are observed for maximum concentration, and 
especially for the Siberia and Ural regions of Russia, 
where industrial complexes of metallurgy, etc. are 
located.  

 
Figure 2. January (12 UTC) monthly averaged (left) and maximum 

(right) simulated concentration (in µg/m3) of SO2 (top) and PM2.5 

(bottom) based on the Enviro-HIRLAM control run simulations. 
 

For BC impact estimation, for example, consideration of 
SO2 (gas-phase component) is also important. As seen 
in Fig 2-top-left, the average monthly concentration is 
larger over middle latitudes compared with Arctic 
region due to larger presence of anthropogenic sources 
in these regions. But maximum concentration despite 
absence of local sources is also observed due to long-

range atmospheric transport.  
The particular matter (PM) is also important for 
estimation of population exposure and health effects. 
In particular, PM2.5 concentration is simulated by the 
Enviro-HIRLAM model as shown in Fig. 2-bottom. 
Although averaged concentrations are lower in the 

Arctic regions, compared with mid-latitudes, but their 

composition is dominated by sea salt aerosols. 
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Black carbon (BC) is a short-lived climate forcer. It 
influences air quality, meteorlogy and climate, and 
especially, in the northern latitudes and Arctic regions. 
After carbon dioxide, BC is the second main climate 
stressor. The BC atmospheric transport, dispersion, and 

deposition are especially difficult to simulate in the Arctic. 
It is, first of all, because complexity and multi-scale 
nature of meteorological/ climatological (numerical 
weather prediction/ climate modelling) processes 
simulations in these geographical regions. It is also due 
to complexity and variability of chemical processes, and 
especially during polar night periods in absence of solar 

radiation vs. photochemical reactions as well as 
atmospheric inflow of pollution transported from remote 
regions. Moreover, it is because uncertainties of emission 
inventories, and especially of higher both temporal and 
spatial resolutions (note, this problem exists for other 
countries and regions). 
As additional part to the CarboNord project, the Enviro-

HIRLAM simulations were performed (Mahura et al., 

2017) over a large domain (including Arctic territories) at 
0.15 deg horizontal resolution. 

 
Figure 1. Difference fields between CTRL&DAE (top), CTRL&IDAE 

(middle), CTRL&DAE+IDEA (bottom) runs with the Enviro-HIRLAM model 

for monthly (January) averaged (left) and maximum (right) concentration 

of black carbon (in µg/m3). 
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