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Principal Investigator: Emily Gleeson 

Project Title: An Evaluation of the use of Near Real-time CAMS Aerosols in the 

HARMONIE-AROME NWP model over Ireland 

Extended abstract 

 

1. Background 

 

The shared ALADIN-HIRLAM numerical weather prediction system is used for 

operational weather forecasting by 26 national meteorological services in 

Europe and North Africa which form the HIRLAM (High Resolution Limited 

Area Model) and ALADIN (Aire Limitee Adaptation Dynamique 

Developpement International) consortia. The Irish Meteorological Service, Met 

Éireann, is one of the 26 members and has been using the HARMONIE-AROME 

canonical configuration of this system since 2011. We currently use cycle 40 of 

the system operationally (Bengtsson et al, 2017) with a set-up using a 1000 x 

900 horizontal grid on a Lambert Conformal projection with 2.5 km spacing at 

the centre and 65 vertical levels. Further details about Met Éireann’s 

implementation of cycle 40 are available in Clancy et al., 2018.  

Cycle 43 of HARMONIE-AROME will be released in the coming months. This 

version uses version 8 of SURFEX (Le Moigne et al., 2018) containing more 

advanced surface physics schemes such as the 14-layer diffusion soil scheme, a 

multi-layer explicit snow scheme (Boone, 2000; Boone and Etchevers, 2001) 

and the ISBA Mutli-Energy-Budget Explicit Vegetation Scheme (Boone et al., 

2017; Napoly et al., 2017), though these will not be implemented operationally 

in the first release. Another development within cycle 43 has been the testing of 

use of near real-time Copernicus Atmospheric Monitoring Service (CAMS) 

aerosols (Rontu et al., 2020) within HARMONIE-AROME. This 

implementation work, in various guises, has been carried out by researchers at 

the Finnish Meteorological Institute (FMI) and La Agencia Estatal de 

Meteorología (AEMET) (Rontu et al., 2020) where near real-time aerosols have 

been interfaced to the ICE3 microphysics scheme and the HLRADIA broadband 

radiation scheme. Mass mixing ratios of the aerosols are to determine optical 

properties for use in the radiation scheme and cloud condensation nuclei (CCN) 

and ice-forming nuclei (IFN) for the microphysics scheme. 

The focus of this special project will be primarily on testing various 

implementations of near real-time CAMS aerosols in experiments under varying 

meteorological conditions over Ireland to investigate the impact. Aerosols are 

responsible for multiple direct, indirect and semi-direct effects on the radiative 
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properties of the Earth’s atmosphere. The direct effects are related to how 

aerosols absorb and scatter shortwave and longwave radiation. The indirect 

effects of aerosols include their impact on cloud microphysics and involves 

changes in clouds radiative properties, their frequency and lifetimes. Aerosols 

act as cloud condensation nuclei so for example, more aerosols lead to clouds 

with a higher number of small water droplets than clouds formed in cleaner 

areas. Such clouds have a higher albedo; this effect is considered to be the first 

indirect effect of aerosols or the Twomey effect. The effect of aerosols on cloud 

height, lifetime and content is often referred to the second indirect effect while 

the effects induced by heating as a result of the absorption of solar energy by 

aerosols is considered to be a semi-direct effect. 

An experimental version of HARMONIE-AROME contains three radiation 

schemes (an old IFS scheme from cy25r1 (ECMWF, 2015), ACRANEB2 by 

ALARO (Mašek et al., 2016; Geleyn et al., 2017) and HLRADIA from the 

HIRLAM model (Savijärvi et al., 1990; Rontu et al., 2017)). Currently, the 

CAMS near real-time aerosols have been interfaced to both HLRADIA and the 

ICE3 microphysics scheme in HARMONIE-AROME but interfacing them with 

the remaining two radiation schemes is a source of future work; such 

implementations will be tested during the course of the work to be carried out 

under this special project. It is important to note that the radiation scheme can 

operate with either an aerosol climatology (such as the default Tegen or newer 

CAMS climatology) or near real-time aerosols whereas the ICE3 microphysics 

scheme requires near real-time aerosols which are then advected (in the default 

version of the scheme land, urban and sea cloud condensation nuclei (CCN) 

concentrations are hardcoded as constants).  

Currently, the Irish operational NWP domain exhibits large negative biases in 

shortwave (SW) irradiance due to the over-prediction of cloud condensate. Part 

of the reason for this over-prediction is that the CCNs are fixed within the model, 

rather than being a prognostic variable like in the more advance LIMA scheme, 

which will be available in cycle 46. The use of CAMS aerosols should alleviate 

this problem to some extent. In addition, the Irish domain suffers from negative 

shortwave irradiance biases on clear-sky days. This is also considered to be due 

to an over-estimation of aerosols in the Tegen aerosol climatology (Tegen et al., 

1997) currently used in the model. As well as the biases in SW irradiance, the 

use of CAMS aerosols will also be tested using fog cases. In general 

HARMONIE-AROME has a problem regarding the over-prediction fog; this is 

also strongly related to the hardcoded constant values of cloud droplet number 

concentration. 
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2. SBU Justification for Various Experiments 

The operational domain for Ireland covers an area of 1000 x 900 points (figure 

1, orange domain) with a horizontal grid spacing of 2.5 km and 65 vertical levels. 

Running this domain for one 24-hour forecast cycle costs approximately 13000 

SBUs. Our previous operational domain (Figure 1, red domain) covered an area 

of 500 x 540 grid points. Running this domain for one 24-hour forecast cycle 

costs approximately 4000 SBUs. 

 

Fig 1. Irish operational domain in orange, old operational domain in red. 

 

The requested resource of 9.9 MSBUs will be spent as follows: 

- Systematic testing of a series of clear-sky, thick frontal cloud and fog cases 

using CAMS aerosols compared to the reference Tegen dataset. SBU cost (using 

the smaller domain) ~ 3M SBUs. 

-  Four month-long (all seasons) experiments using HARMONIE-AROME cycle 

43 with CAMS aerosols implemented in the HLRADIA radiation scheme and 

also 4 month-long reference experiments with HLRADIA for comparison. SBU 

cost (using the smaller domain) ~ 3M SBUs. 

-  Similar experiments to the above but using the ACRANEB2 radiation scheme. 

This is a broadband scheme, like HLRADIA, but is much more advanced 

particularly in its treatment of clouds and gases etc. SBU cost (using the smaller 

domain) ~ 3M SBUs. 
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- Prior to testing with ACRANEB2, CAMS near real-time aerosols will need to 

be implemented in the scheme. This will require a series of tests, of shorter 

length. SBU cost (using the smaller domain) ~ 0.9 SBUs. 

 

3. Benefits of the Project  

 

The use of near real-time, rather than climatological, aerosols has already shown 

to be of benefit, particularly in cases where aerosol pollution is high (e.g. 

Gleeson et al., 2016).  An example of the benefits of using near real-time 

aerosols is shown in Figures 2 and 3. In figure 2 the peak at the high end of the 

histogram of CSIs (clear sky index) shows better agreement with observations 

when realistic aerosols are used. This is complemented by the increase in SW 

irradiance as shown in Figure 3 which helps alleviate the known negative bias 

in SW irradiance over Ireland. 

This area of work, i.e. use of realistic aerosols in the radiation and microphysics 

parametrizations and in making the schemes consistent in that regard, is a high 

priority on the joint ALADIN-HIRLAM workplan for 2021. A thorough analysis 

of the benefits of using near real-aerosols under a range of meteorological 

conditions is needed and this special project will enable an evaluation to be done 

over the Irish domain. 

 

Fig 2. Histograms of clear sky index (SW irradiance divided by clear-sky SW irradiance) 

based on observation data in Ireland (red), a reference HARMONIE-AROME cycle 43 

experiment (blue), a HARMONIE-AROME cycle 43 experiment with near real-time CAMS 

aerosols (green) and an experiment using 50 rather than 100 CCNs/cm3 for land aerosols 

in ICE3 (magenta). 
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Fig 3. MSG visible satellite image over Ireland at 12 Z on the 20th March 2020. The 

corresponding increase in SW irradiance over Ireland when near real-time CAMS 

aerosols were used in place of the Tegen climatology for the radiation calculations and 

were also interfaced to the ICE3 microphysics scheme. In practical terms, in the radiation 

scheme the Tegen AOD550nm climatology was replaced with corresponding CAMS near 

real-time values. In this case, the increase in SW under clear skies can be seen in the 

right-hand image. 
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