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Why bother?  ….. because the climate system components are 
intrinsically tied together …

Source: IPCC AR5



Why bother?  ….. because without aerosols, there are no clouds 
and associated feedbacks. And the atmospheric chemistry has 
first order impact on aerosol susceptibility…

Source: IPCC AR5



Why bother?  ….. because the aerosol composition matters!



How should we reduce the uncertainties in aerosol
direct and indirect forcings?

● Coupling of chemistry transport model that has a sophisticated 
aerosol-cloud treatment to regional climate model

● Constraining models and verifying processes with observations

This will increase the fidelity and confidence that we can place in the 
future projections from the regional climate model. 



Schematic of the model components and couplings

MATCH (Multiple-scale Atmospheric Transport and Chemistry) model - Robertson et al., 1999; Andersson et al., 2007.
SALSA (Sectional Aerosol module for Large Scale Applications) model - Kokkola et al., 2008
MATCH-SALSA model – Andersson et al., 2015
Cloud activation module – Abdul-Razzak and Ghan, 2002
RCA4 (Rossby Center regional climate model) – Samuelsson et al., 2011
EMEP (The European Monitoring and Evaluation Programme)



Experimental setup

● Model resolution: 40 x 40 km2

● Vertical resolution: 24 levels (990 hPa – 200hPa)

● Boundary conditions to MATCH-SALSA: RCA4

● Boundary conditions and SST to RCA4: ERA-Interim

● Simulation period: 2005-2012

● In stand-alone version of RCA4, CDNC is described as a function of 
surface type and scaled vertically. In the current model set up, this 
is replaced by the 3D CDNCs from the cloud activation module 
coupled to MATCH-SALSA. 



Using this model setup, we evaluated the following:

1. How well the coupled modeling system simulates the cloud 
microphysical properties and radiative fluxes using satellite observations 
and existing  literature. 

2. The potential benefits from a prognostic treatment of aerosols and CCN 
compared to prescribed CCN fields. 

3. Indirect aerosol effects, combined and individually due to present day 
anthropogenic aerosols. The pre-industrial emissions were taken from 
those developed from the ECLAIRE project (Effects of climate change on 
air pollution impacts and response strategies) for the year 1900.



Seasonal variability in aerosol (left) and cloud droplet number 
concentrations (right) (cm -3)  

Results



The vertical distribution of CDNC (cm-3) shown as joint 
histograms for some selected regions for boreal summer

This illustrates the 
spatial and vertical 
heterogenity in CDNC 
distribution

Over land, CDNCs are 
higher and peak 
around 1.5 km while 
over ocean, maximum 
distribution is 
observed closer to 
boundary layer.



Comparisons with satellite observations

Cloud liquid water path (g/m2) for JJA 
months. The median and standard 
deviation (in brackets) are shown.

TOA all-sky fluxes (W/m2) for JJA 
months.



Evaluation of first and second indirect aerosol effects

Evaluate the changes in aerosol number concentrations, CDNC, CLWP in 
present day conditions compared to the pre-industrial (PI) era.

Estimate the total aerosol indirect effects and the individual contributions 

Experimental set up:

Pre-Industrial emissions (CO, NH3, NOx, SOx and VOC) for the year 1900.

The physiography files and other emissions (biogenic, DMS, volcanic and
isoprene) are kept the same as original model set up. 

The particulate organic matter emissions are reduced to 14% of the current
emission levels (Carslaw et al., 2013). 

Meteorology and the spatial resolution are kept the same



Percentage changes in aerosol number concentrations and cloud 
microphysics in the present day conditions compared to the 1900s

These changes resulted in European domain 
averaged annual mean indirect aerosol forcing of 
-0.64 W/m2. 

The impact of the changes in aerosols on cloud 
albedo through changes in cloud droplet radii 
(first IAE) averaged over the European domain is 
-0.57 W/m2 and on cloud lifetime (second IAE) 
is -0.14 W/m2. 



Summary

For more details, the paper is published under discussions in GMDD:

Thomas, M. A., Kahnert, M., Andersson, C., Kokkola, H., Hansson, U., Jones, C., Langner, J., and 
Devasthale, A.: Development of prognostic aerosol–cloud interactions combining a chemistry transport 
model and a regional climate model, Geosci. Model Dev. Discuss., 8, 897-933, doi:10.5194/gmdd-8-897-
2015, 2015.

The coupled modeling system improves the spatial, seasonal and 
vertical distribution of the cloud microphysical properties and the 
radiative fluxes.  

The cloud droplet number concentrations, cloud droplet radii, cloud 
liquid water path and radiative fluxes shows a better agreement with 
satellite observations. 

The first and second indirect aerosol forcing estimates obtained 
using this coupled model set up is comparable to the previous estimates 
for the same reference period. 



Thanks for your attention!



Models used

● MATCH (Multi-scale Atmospheric Transport and Chemistry) model is a chemistry transport model 
(CTM) that accounts for transport, chemical transformation and deposition of chemical tracers in 
the atmosphere based on the emissions (Robertson et al., 1999; Andersson et al., 2007).

● MATCH model is coupled to an aerosol dynamics model, SALSA (Kokkola et al., 2008) 

- takes into account physical processes such as nucleation of particles, growth of particles by 
condensation and coagulation and computes size distribution, number concentration and chemical 
composition of aerosol species

- sectional representation of aerosol size distribution; has three size regimes (a. 3-50nm b. 50-
700nm and c. >700nm)

● MATCH-SALSA model is coupled to a cloud activation module that computes cloud droplet 
number concentrations (CDNC) based on the prognostic parameterization scheme of Abdul-Razzak 
and Ghan (2002).

-the efficiency of an aerosol particle to be converted to a cloud droplet would depend on the number 
concentration and chemical composition of the particles as well as the updraft velocity and 
supersaturation of the air parcel

● The regional climate model, RCA4 (Samuelsson et al., 2011) is offline coupled to the above 
modeling system and provides us information on the cloud microphysical properties such as cloud 
droplet radii, cloud liquid water path as well as radiative fluxes.


