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1. Introduction 

In this study the influence of the direct radiative effect 
of aerosols on atmospheric dynamics over Europe is 
simulated using the Hirlam Aladin Research for Mesoscale 
Operational Numerical Weather Prediction in Euromed 
(HARMONIE) numerical weather prediction (NWP) model. 
In recent years the direct radiative effect of aerosols has 
become more accepted as a physical mechanism that 
should be included in NWP models in order to improve the 
accuracy of weather forecasts. For example Mulcahy et al. 
(2014) show that considering the influence of aerosols in 
NWP results in an improved radiation budget. 

The main goal of this study is to quantify the influence 
of the direct radiative effect of aerosols on atmospheric 
dynamics over short time scales. NWP models often use 
climatological aerosol data to consider the direct radiative 
effect of aerosols. In this study, the influence of 
considering direct radiative effect of climatological and 
real time aerosol distributions on the simulated 
atmospheric state  is compared.  Moreover, the direct 
radiative effect of aerosols during  Russian wildfires in 
summer 2010 is studied to evaluate the magnitude of the 
aerosol influence during this heavily polluted situation. 

 
2. Models and methods 

The HARMONIE NWP model (Seity et al., 2011) is used 
for simulating the direct radiative effect of aerosols. 
Within HARMONIE, the ALARO physical parameterizations 
package is used at a horizontal resolution of 15 km. The IFS 
cy25 radiation scheme from the ECMWF global model is 
used. The treatment of shortwave radiation follows 
Fouquart and Bonnel (1980) and longwave follows Mlawer 
et al. (1997). 

By default monthly averages of the aerosol optical 
depths (AOD) of dust, sulphates, sea salt, black carbon and 
organic matter at 550 nm from the Tegen et al. (1997) 
climatology are used in the HARMONIE model to calculate 
the direct radiative effect of aerosols. The aerosols are 
distributed vertically, following climatological vertical 
profiles. In addition to the Tegen et al. (1997) climatology, 
aerosol data from the more up-to-date Max-Planck-
Institute Aerosol Climatology version 1 (MACv1) (Kinne et 
al., 2013) and time-varying aerosol data from the 
Monitoring Atmospheric Composition and Climate (MACC) 
reanalysis (Inness et al., 2013) are used. The influence of 
aerosols over Europe during the 15 day period in the 
second half of April 2011 (16th-30th) is simulated using 
the HARMONIE model. Aerosol data from the MACC 
reanalysis is also used to study summer 2010 wildfire 
event in Russia (intense fire period 06.08.2010 to 
11.08.2010 is studied). The maximum observed aerosol 
optical depth was more than 4 at 550 nm during this 
event. 
 

 

Figure 1. Monthly averages of areal average AOD in Europe for 
different datasets and standard deviation of AOD time series 
(shown as blue bars) from the MACC reanalysis. 

3. Results 
Monthly averages of areal average AOD in Europe 

(Figure 1) have different values in different datasets. There 
is a clear annual cycle in AOD in all datasets, lowest in 
winter months. The Tegen et al. (1997) climatology 
underestimates AOD compared to the MACv1 climatology, 
and the MACC climatology overestimates AOD compared 
to MACv1. 

A small improvement in the radiation budget is 
simulated when the direct radiative effect of real time 
aerosol distribution is considered for cases where the 
aerosol amounts are close to average. However, there is a 
considerable improvement in the simulation of 
temperatures in the lower troposphere. Also the near 
surface humidity is better forecast when the direct 
radiative effect of aerosols is considered because the 
representation of the surface energy budget is improved.   

The influence of aerosols during heavily polluted 
Russian wildfire case is much more pronounced. The 
diurnal average  shortwave radiation flux at the surface 
was more than 100 W/m2 lower and 2m temperatures 
were up to 4°C (Figure 2) lower  during the intense wildfire 
period in summer 2010. Simulated near-surface 
temperatures and vertical temperature profiles agree 
better with observations when the direct radiative effect 
of aerosols is considered in the meteorological forecast. 
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Figure 2. 2m temperature (°C) at 12 UTC on August 8, 2010. 
Temperature is over 3°C lower when the radiative influence of the 
realistic aerosol distribution from the MACC reanalysis is included. 

4. Conclusions 
Considering the direct radiative effect of aerosols is 

shown to improve the accuracy of simulated radiative 
fluxes and temperatures in the lower troposphere for 
cases where the aerosol distribution is close to normal in 
Europe (i.e. not heavily polluted). During heavy pollution 
there is a considerable influence of aerosols on 
atmospheric dynamics over Europe and the accuracy of  
meteorological forecast  is significantly improved when the 
direct radiative effect of aerosols is included. The 
capability of NWP models to consider the direct radiative 
effect of aerosols should be further developed. 
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