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What is 
Shallow Meridional Circulation (SMC)? Aerosol particles when interact with 

cloud, reduce the cloud drop raidus.
 

 Small droplets fail to coalesce into 
rain or rime into ice hydrometeors.

 Small droplets are lofted higher in the 
air.

● As the cloud drops cross the 0o 
isotherm, they freeze releasing latent 
heat of fusion which invigorates the 
cloud further upwards.

 This circulation follows the pattern of Hadley 
circulation, with the vertical extent ranging between 2-
4 km.

 It shares the same boundary layer southerly flow with 
the deep circulation and its ascending branch is also 
rooted in the ITCZ.

 The northerly return flow is located immediately above 
the boundary layer. Fig. 2.  Idealised view of  deep and shallow 

circulations in the east pacific. (Ref. Zhang 
et. al. 2004)

Fig. 1.  Evolution of deep convective 
clouds developing in pristine and polluted 
atmosphere (Ref. Rosenfeld et. al. 2008) 

Fig. 3.  Temporal (from 90 to 120 days) and zonal average of 
(a) Meridional wind (V m/s) and (b) Cloud Fraction for base 

run. Dashed contours represent the negative values

Fig. 4.  Intercomparison of shallow level cloudiness (within 
2.5 km height) simulated from combination of different 

cumulus and boundary layer schemes and satellite derived 
cloud fraction  data from MISR and CALIPSO

Fig. 5.  Top panel: Meridional distribution of cloud fraction for (a) 
Base, (b) PERTP and (c)PERTA cases. Bottom panel: Vertical 

profiles of (d) Temperature, (e) Relative Humidity and (f) Cloud 
fraction differences between the Base and PERTP case (red) and 
Base and PERTA case (blue). Black dashed line denotes the zero 

line

Aerosol in Model

Aerosol effect are added to the model domain via 
localised heating perturbations (Appraoch 

adapted by Morrison and Grabowski (2013))
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Such that the domain average heat input is zero  
Also perturbations are only added in the 

convective zones ( Equator to 5 N)
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 WRF version  3.5.1 is 
used to set the 
experiments.

 3 D idealised simulation 
is setup to simulate SMC 
using Nolan et. al. (2006) 
model configuration.
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 Model is run for a period 
of 120 days providing a 
spin-up time of first 90 

days.
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MISR and CALIPSO data are archived at NASA Langley Research 
Atmospheric Science Data Center and National Centre for 
Atmospheric Research respectively. The computational 

requirement is supported by CCRC and CoE CSS.

 Convective invigoration due to aerosols is a complex process and proper representation 
of this in numerical models is a challenging task.

 Many studies have confirmed convective invigoration in polluted conditions  whereas few 
have reported that cloud can be invigorated or not depends on background situation.

 However, How convective invigoration affects the shallow clouds? Is still unknown. 

 Results from few model based studies have reported suppression of shallow clouds   
whereas, that from data based studies have observed invigoration of shallow clouds 
during convective invigoration.

 Simulated SMC is robust to the choice of different 
cumulus and boundary layer schemes.

 Model simulated shallow cloud fraction is comparable 
to both active (CALIPSO) and passive (MISR) satellite - 
derived cloud fraction.

 Convective clouds (between 6-10 km) show horizontal 
growth which increases the amount of cloudiness 
where as shallow clouds amount  reduces due to the 
aerosols.

 Change in relative humidity and change in cloud 
fraction is similar. 

● Temperature profile shows wherever there is a 
redution in cloud fraction, there is negligible change 
in temperature whereas when there is increment in 
cloudiness there is reduction temperature.

● These results suggest suppression of shallow clouds 
when aerosols are put in model. 
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What is the response of shallow clouds to
 convective invigoration? 

Can this research question be solved by 
working on a problem of synoptic scale 

rather than cloud resolving scale?
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