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The NWP part developed by HIRLAM consortium is used 
for operational weather forecasting. The Enviro-
components were developed in collaboration with the 

Universities from different countries. The Enviro- 

consists (see all references in Baklanov et al., 2017) 
modules for gas-phase chemistry CBMZ and aerosol 
microphysics M7 (includes sulphate, mineral dust, sea-
salt, black and organic carbon). There are also modules 
of urbanization (anthropogenic heat flux and 
roughness, building effect parameterisation, others) for 

land surface scheme, natural and anthropogenic 
emissions, nucleation, coagulation, condensation, dry 
and wet deposition, sedimentation of aerosols. The 
improved Savijarvi radiation scheme takes into account 
explicitly for aerosol radiation interactions for 10 
aerosol subtypes. The aerosol activation scheme was 
implemented in STRACO condensation-convection 

scheme. The nucleation is dependent on aerosol 
properties, ice-phase processes are reformulated in 

terms of classical nucleation theory. The schematics is 
shown in Fig 1. 

 
 

Figure 2. Enviro-HIRLAM model simulation examples: (left) averaged 

spatial distribution of the maximum PM2.5 concentration field at 12 

UTC for the month of Jan 2010; & (right) operational forecast for the 

China on 1 Mar 2018 (00+06 h forecast length). 
 

Enviro-HIRLAM runs in a downscaling chain, for the 
outer model domain (run at low resolution) the initial 

and boundary conditions for meteorology and 
atmospheric conditions are taken from ECMWF. The 
vertical levels vary between 40-60. The finest 
horizontal resolution is about 1.5 km. The model can 
be run in both research and operational modes. 
Emissions include anthropogenic, biogenic, and natural; 

and these are pre-processed. Different parts of the 
model were evaluated vs. ETEX-1 experiment, 
Chernobyl accident, Paris summer/winter campaigns, 
etc. The model was tested in FPs FUMAPEX, MEGAPOLI, 
TRANSPHORM, PEGASOS, MACC, MarcoPolo projects as 
well currently is used within frameworks of the Pan-
Eurasian EXperiment programme (PEEX; 

https://www.atm.helsinki.fi/peex) tasks. Examples of 
the model simulations are shown in Fig 2. 
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The development seamless/ on-line integrated 
meteorology-chemistry-aerosols modelling system such 
as the Enviro-HIRLAM (Environment – HIgh 
Resolution Limited Area Model) is expected to be able 
to handle and study some of major existing processes 

and interactions, which is difficult to investigate using the 
off-line modelling approach. Following Jacobson et al. 

(2007) and Zhang (2008), among these processes and 
interactions there are the following. At first, the direct 
effect - radiative effect of chemical species in the 
atmosphere via absorption and scattering. At second, the 
semi-direct effect - effect of aerosols and clouds on 
photolysis rates via modifying actinic fluxes and 
temperature. At third, the semi-direct effect - effect of 

aerosols on boundary layer meteorology via changing 
meteorological variables and atmospheric stability. At 
fourth, the 1st and 2nd indirect effects - effect of aerosols 
on cloud formation and reflectance via aerosol activation, 
droplet and ice core nucleation, autoconversion, and 
collection. And, at firth, the indirect effects - effect of 

aerosols on precipitation by affecting clouds and water 
vapour. These processes and interactions are important 
in studies for weather, climate, air quality, ecosystems, 
etc. Aerosols, being an integral part of the atmosphere, 
play important role in the environmental conditions 
behaviour. Depending on origin, chemical composition, 
lifetime, size, shape, optical properties, etc. aerosols can 

cause multiple complex effects in the atmosphere at 
various temporal and spatial scales (Kulmala et al., 
2009; Calvoa et al., 2012). 

 
 

Figure 1. General schematics of the Enviro-HIRLAM modelling system. 
 

The Enviro-HIRLAM model is developed as a fully online 

integrated numerical weather prediction (NWP) and 

atmospheric chemical transport (ACT) model for research 
and forecasting of joint meteorological, chemical and 
biological weather at multi-scales (Baklanov et al., 
2017). 
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