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Assessing the strength of self-aggregation feedbacks from 
in situ data 

1. What is self-aggregation ? 

2. Why do we care ? 

3. What are the physical processes involved ? 

4. Can we observe self-aggregation ?



Convection self-aggregates

Clouds over near-surface temperature in Radiative-Convective Equilibrium  
with the model SAM [Khairoutdinov&Randall 2003]

What is self-aggregation ?

Convection is disorganized => 
“pop corn” state

[Held Hemler Ramaswamy 92; Raymond Zeng 2000; Bretherton Blossey Khairoutdinov, 2005; Sobel Bellon Bacmeister 
2007; Muller Held 2012; Tobin Bony Roca 2012; Emanuel Wing Vincent 2013; Craig Mack 2013; Khairoutdinov Emanuel 
2013; Wing Emanuel 2013; Jeevanjee Romps 2013; Khairoutdinov Emanuel, 2013; Tobin et al, 2013; Shi Bretherton 
2014; Wing Cronin 2015; Holloway Woolnough 2015; Muller Bony 2015; Mapes 2016; Holloway Woolnough 2016; 
Beucler Cronin 2016; Holloway et al 2017; Wing Holloway Emanuel Muller 2017]

=> spontaneous inhomogeneous organization under homogeneous 
environmental conditions
- uniform ocean temperature, doubly periodic, neglect Coriolis effect
- Idealized simulations in Radiative Convective Equilibrium



Top view of precipitable water PW (= vertically integrated water vapor) 

« pop corn » convection self-aggregation

=> impact on the large scales

Why do we care ?
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Top view of precipitable water PW (= vertically integrated water vapor) 

increased OLR 
reduced PW

=> impact on the large scales

Why do we care ?

« pop corn » convection self-aggregation



[Wing&Emanuel13]

Self-aggregation regulates tropical climate? 

Warmer temperatures => More aggregation  

=> More LW cooling => <0 feedback [Khairoutdinov Emanuel 2010 
Emanuel,Wing,Vincent13]

Why do we care ?
=> impact on climate sensitivity 



Why do we care ?

« aqua planète » (sans continents)

dans le « Tropical Cyclone World » 
Humidité atmosphérique 

Faible Coriolis                 Fort Coriolis

[Bretherton, Blossey, Khairoutdinov, JAS 2005; 
Khairoutdinov and Emanuel, JAMES 2013;  

Davis 2015; 
Wing Camargo Sobel 2016; 

Muller and Romps 2018] 

[Tobin et al, JAMES 2013
Yang and Ingersoll, JAS 2013;
Arnold and Randall JAMES 2015] 

=> impact on tropical cyclones 



What are the physical processes involved?

Possible feedbacks : 

- surface fluxes (WISHE), 

- SW radiation,

- LW radiation



What are the physical processes involved?

Possible feedbacks : 

- surface fluxes (WISHE), 

- SW radiation,

- LW radiation

Simulations where the different feedbacks are removed

[Muller & Held 2012]

from liquid condensates (i.e., low clouds) that is re-
sponsible for self-aggregation.2

Looking back at Fig. 1, one may wonder why low
clouds are absent from the dry regions in the simulation
with aggregated convection; this is because, as we will
see below (section 5c; Fig. 13), low clouds are needed for
the onset of self-aggregation but not for its maintenance.

b. Circulation and mechanism responsible for self-
aggregation

To clarify the role played by low clouds, we look at the
circulation in more detail. The streamfunction C in-
troduced by Bretherton et al. (2005) quantifies the trans-
port in height and energy space. Specifically, it is computed
by ordering the columns with respect to their column
moist static energy

Ð
MSE (index i) and calculating the

corresponding vertical mass flux:

C(i, z) 5 C(i 2 1, z) 1 !Ð
MSE2(

Ð
MSEi21;

Ð
MSEi]

w(z)r(z),

(3)

with C(0, z) 5 0 for all z, where w denotes the vertical
velocity and r the reference density profile used in the
anelastic governing equations. In other words, C(i, z) is
the total vertical mass flux over all the columns withÐ

MSE #
Ð

MSEi. This streamfunction does not represent

circulation in physical space but is designed to allow the
investigation of the transport between dry and moist
regions.

To emphasize the effect of clouds, we compare the
circulation in two runs that both have homogenized
surface fluxes, shortwave radiative cooling, and longwave
radiative cooling from water vapor. In addition, one of
the runs has homogenized longwave radiative cooling
from condensates and therefore does not self-aggregate.
Figures 11a and 11b show the circulation without and with
self-aggregation, respectively. Without self-aggregation,
the circulation is as expected: there is upward motion in
the moist region, horizontal divergence at high levels
where the moist static energy is high, descent in the dry
region, and a low-level return flow where the moist static
energy is lower than in the upper-level outflow. This
results in a net moist static energy transport from moist
regions to dry regions, consistent with Fig. 4. With self-
aggregation, on the other hand, the low-level circulation
in the dry region is quite different. There is a second-
ary circulation near z 5 1 km, with inflow of relatively

FIG. 8. Time (days) that the runs started from aggregated initial
conditions (shown in Fig. 6b) take to disaggregate. Black circles
indicate the runs that are still aggregated after 100 days of run. It
typically takes longer to disaggregate with larger domains and with
finer resolutions.

FIG. 9. Simulations with various resolutions dx and domain sizes
L near dx 5 2 km and L 5 250 km. (a) The control runs are as in
Fig. 6a (i.e., they are started from homogeneous initial conditions
with added small random perturbations to initiate the convection
and are run to 30 days). (b)–(d) The sensitivity runs are similar to
the control runs, but with the addition of the longwave radiative
cooling, the shortwave radiative cooling, and the surface fluxes
homogenized, respectively (see Table 1). Simulations that are self-
aggregated at the end of the run are represented as red circles,
while those with disorganized convection at the end of the run are
shown with black crosses.

2 The results are unchanged if we define low clouds as clouds
below the 700-hPa pressure level (z # 3 km): zeroing the con-
densate amount that enters the longwave-cooling computation at
levels below (above) the 700-hPa pressure level suppresses (does
not suppress) aggregation. The results are also unchanged if instead
of setting liquid/ice condensate amounts in the longwave radiation
computation to zero, we horizontally homogenize them.
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What are the physical processes involved?

z

Qr

Geophysical Research Letters 10.1002/2015GL064260

Figure 1. (a–g) Simulations with interactive radiation; (h–n) simulations with imposed radiative cooling profiles. Figure 1a shows the radiative cooling profile in
the large domain simulation averaged in the dry (blue) and moist (red) regions shown in Figure 1b (moist is defined here as precipitable water PW > 80%
PWmax). In the fixed radiation runs shown in Figures 1h–1n, two contrasting profiles are imposed in dry and moist regions, shown as the blue and red curves in
Figure 1h. Figures 1b–1g and 1i–1n show snapshots of PW (mm) at various domain sizes L and resolutions Δx (in km).

clouds closely correspond to moist convective regions). As we will see, this is sufficient to identify the features
of the radiative cooling profiles which are responsible for the aggregation.

Finally, in section 5, we perform simulations with weakened downdrafts and associated cold pools. Following
Jeevanjee and Romps [2013], this is done by suppressing the evaporation of rain in the lowest kilometer of
the domain. These runs have prescribed, horizontally homogeneous radiative cooling rates, and interactive
surface fluxes. However, the surface wind velocity used in the computation of surface turbulent fluxes is set
to a constant value of 5 m s−1 to eliminate the Wind-Induced Surface Heat Exchange instability mechanism.

3. Onset of Convection

Here we investigate the onset of aggregation, i.e., the spontaneous aggregation of convection from homo-
geneous initial conditions. When started from homogeneous conditions, it has been shown that convection
aggregates on large domains [Bretherton et al., 2005] and at coarse resolutions (MH12). This is consistent with
Figures 1b–1g, which show simulations with interactive radiation run for various domain sizes and resolutions.

The sensitivity study of MH12 shows that the interaction between the radiation scheme and the convection
is crucial for the aggregation. Simulations with a horizontally homogeneous radiative cooling profile do not
aggregate, whatever the resolution or domain size. MH12 further find that the spatial inhomogeneity of the
radiative cooling due to clouds is necessary for aggregation to occur. Here we address the following question:

MULLER AND BONY WHAT FAVORS CONVECTIVE AGGREGATION 5628

Atmospheric water vapor  
(top view)

Geophysical Research Letters 10.1002/2015GL064260

Figure 3. Simulations started from aggregated initial conditions. (a–e) Simulations with interactive radiation except radiation from low-level clouds. Low-cloud
radiation is turned off by setting to zero the liquid cloud amount entering the radiation computation. Figure 3a shows the radiative cooling profile of the large
domain simulation averaged in the clear (blue) and cloudy (red) region (cloudy is defined here as ice water path greater than 0.5 g m−2); Figures 3b–3e show
precipitable water PW (mm) at various domain sizes (and with same resolution 3 km). (f–j) Simulations with imposed radiative cooling profiles. Two different
profiles are imposed in the moist (red) and dry (blue) regions (Figure 3f ); Figures 3g–3j show precipitable water PW (mm).

initial aggregation is only maintained on large domains. The radiative profiles inside and outside the cloudy
region (Figure 3a) differ from runs with low-cloud radiation, in particular the low-level clear-sky cooling out-
side the convective region is weaker and occurs at a higher altitude (minimum of -2 K d−1 around 1 km above
the surface. This peak in cooling results from the strong clear-sky cooling of low levels induced by the dry free
troposphere and the warm near-surface temperatures, which increases the longwave cooling from low levels).

As in section 3, we investigate whether imposing the contrasting radiative cooling rates inside and outside
the moist convecting region maintains aggregation. When these two profiles are imposed, we find that aggre-
gation is maintained for all domain sizes. In fact, it is sufficient to include the low-level clear-sky cooling of
the dry regions and the midlevel warming of the moist regions to maintain aggregation for all domain sizes
(Figures 3f–3j). Interestingly, in that case, imposing either of these separately does not yield aggregation at
all domain sizes (supporting information Figure S3). We note also that the upper level part (10–15 km) or the
low part (below 4 km) of the cloudy profile can contribute to maintain aggregation, though only the middle
part yields aggregation at all domain sizes (supporting information Figure S4; to ease comparison, a constant
cooling is added to the profiles to maintain the same vertically integrated net cooling). This again implies that
not only does the vertically integrated radiative cooling matter but the vertical profile of radiative cooling is
important as well. Changing the vertical structure of the cooling can make the convection disaggregate.

The low part of the radiative profile in the dry region is particularly critical, owing to its role in the low-level
circulation discussed in the previous section, but it is weaker and is not sufficient by itself to maintain
the aggregation (Figure 2c). To maintain the aggregation, the low-level cooling in the dry region must be
accompanied by midlevel radiative warming in the moist region caused by clouds. It again has to do with the
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Figure 1. (a–g) Simulations with interactive radiation; (h–n) simulations with imposed radiative cooling profiles. Figure 1a shows the radiative cooling profile in
the large domain simulation averaged in the dry (blue) and moist (red) regions shown in Figure 1b (moist is defined here as precipitable water PW > 80%
PWmax). In the fixed radiation runs shown in Figures 1h–1n, two contrasting profiles are imposed in dry and moist regions, shown as the blue and red curves in
Figure 1h. Figures 1b–1g and 1i–1n show snapshots of PW (mm) at various domain sizes L and resolutions Δx (in km).

clouds closely correspond to moist convective regions). As we will see, this is sufficient to identify the features
of the radiative cooling profiles which are responsible for the aggregation.

Finally, in section 5, we perform simulations with weakened downdrafts and associated cold pools. Following
Jeevanjee and Romps [2013], this is done by suppressing the evaporation of rain in the lowest kilometer of
the domain. These runs have prescribed, horizontally homogeneous radiative cooling rates, and interactive
surface fluxes. However, the surface wind velocity used in the computation of surface turbulent fluxes is set
to a constant value of 5 m s−1 to eliminate the Wind-Induced Surface Heat Exchange instability mechanism.

3. Onset of Convection

Here we investigate the onset of aggregation, i.e., the spontaneous aggregation of convection from homo-
geneous initial conditions. When started from homogeneous conditions, it has been shown that convection
aggregates on large domains [Bretherton et al., 2005] and at coarse resolutions (MH12). This is consistent with
Figures 1b–1g, which show simulations with interactive radiation run for various domain sizes and resolutions.

The sensitivity study of MH12 shows that the interaction between the radiation scheme and the convection
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radiation is turned off by setting to zero the liquid cloud amount entering the radiation computation. Figure 3a shows the radiative cooling profile of the large
domain simulation averaged in the clear (blue) and cloudy (red) region (cloudy is defined here as ice water path greater than 0.5 g m−2); Figures 3b–3e show
precipitable water PW (mm) at various domain sizes (and with same resolution 3 km). (f–j) Simulations with imposed radiative cooling profiles. Two different
profiles are imposed in the moist (red) and dry (blue) regions (Figure 3f ); Figures 3g–3j show precipitable water PW (mm).

initial aggregation is only maintained on large domains. The radiative profiles inside and outside the cloudy
region (Figure 3a) differ from runs with low-cloud radiation, in particular the low-level clear-sky cooling out-
side the convective region is weaker and occurs at a higher altitude (minimum of -2 K d−1 around 1 km above
the surface. This peak in cooling results from the strong clear-sky cooling of low levels induced by the dry free
troposphere and the warm near-surface temperatures, which increases the longwave cooling from low levels).

As in section 3, we investigate whether imposing the contrasting radiative cooling rates inside and outside
the moist convecting region maintains aggregation. When these two profiles are imposed, we find that aggre-
gation is maintained for all domain sizes. In fact, it is sufficient to include the low-level clear-sky cooling of
the dry regions and the midlevel warming of the moist regions to maintain aggregation for all domain sizes
(Figures 3f–3j). Interestingly, in that case, imposing either of these separately does not yield aggregation at
all domain sizes (supporting information Figure S3). We note also that the upper level part (10–15 km) or the
low part (below 4 km) of the cloudy profile can contribute to maintain aggregation, though only the middle
part yields aggregation at all domain sizes (supporting information Figure S4; to ease comparison, a constant
cooling is added to the profiles to maintain the same vertically integrated net cooling). This again implies that
not only does the vertically integrated radiative cooling matter but the vertical profile of radiative cooling is
important as well. Changing the vertical structure of the cooling can make the convection disaggregate.

The low part of the radiative profile in the dry region is particularly critical, owing to its role in the low-level
circulation discussed in the previous section, but it is weaker and is not sufficient by itself to maintain
the aggregation (Figure 2c). To maintain the aggregation, the low-level cooling in the dry region must be
accompanied by midlevel radiative warming in the moist region caused by clouds. It again has to do with the
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What are the physical processes involved?
LW radiation

What aspects matters?
Control run that aggregates :

z

Qr

Impose these differential cooling 
rates in and out moist region :

=> low-level cooling in dry 
environment favors 
aggregation
Mainly from low-level clouds

=> low-level cooling in dry 
environment (clear sky) 
+ mid-level warming cloudy 
convection (high clouds) 
favor aggregation

Geophysical Research Letters 10.1002/2015GL064260

Figure 1. (a–g) Simulations with interactive radiation; (h–n) simulations with imposed radiative cooling profiles. Figure 1a shows the radiative cooling profile in
the large domain simulation averaged in the dry (blue) and moist (red) regions shown in Figure 1b (moist is defined here as precipitable water PW > 80%
PWmax). In the fixed radiation runs shown in Figures 1h–1n, two contrasting profiles are imposed in dry and moist regions, shown as the blue and red curves in
Figure 1h. Figures 1b–1g and 1i–1n show snapshots of PW (mm) at various domain sizes L and resolutions Δx (in km).

clouds closely correspond to moist convective regions). As we will see, this is sufficient to identify the features
of the radiative cooling profiles which are responsible for the aggregation.

Finally, in section 5, we perform simulations with weakened downdrafts and associated cold pools. Following
Jeevanjee and Romps [2013], this is done by suppressing the evaporation of rain in the lowest kilometer of
the domain. These runs have prescribed, horizontally homogeneous radiative cooling rates, and interactive
surface fluxes. However, the surface wind velocity used in the computation of surface turbulent fluxes is set
to a constant value of 5 m s−1 to eliminate the Wind-Induced Surface Heat Exchange instability mechanism.

3. Onset of Convection

Here we investigate the onset of aggregation, i.e., the spontaneous aggregation of convection from homo-
geneous initial conditions. When started from homogeneous conditions, it has been shown that convection
aggregates on large domains [Bretherton et al., 2005] and at coarse resolutions (MH12). This is consistent with
Figures 1b–1g, which show simulations with interactive radiation run for various domain sizes and resolutions.

The sensitivity study of MH12 shows that the interaction between the radiation scheme and the convection
is crucial for the aggregation. Simulations with a horizontally homogeneous radiative cooling profile do not
aggregate, whatever the resolution or domain size. MH12 further find that the spatial inhomogeneity of the
radiative cooling due to clouds is necessary for aggregation to occur. Here we address the following question:
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Figure 3. Simulations started from aggregated initial conditions. (a–e) Simulations with interactive radiation except radiation from low-level clouds. Low-cloud
radiation is turned off by setting to zero the liquid cloud amount entering the radiation computation. Figure 3a shows the radiative cooling profile of the large
domain simulation averaged in the clear (blue) and cloudy (red) region (cloudy is defined here as ice water path greater than 0.5 g m−2); Figures 3b–3e show
precipitable water PW (mm) at various domain sizes (and with same resolution 3 km). (f–j) Simulations with imposed radiative cooling profiles. Two different
profiles are imposed in the moist (red) and dry (blue) regions (Figure 3f ); Figures 3g–3j show precipitable water PW (mm).

initial aggregation is only maintained on large domains. The radiative profiles inside and outside the cloudy
region (Figure 3a) differ from runs with low-cloud radiation, in particular the low-level clear-sky cooling out-
side the convective region is weaker and occurs at a higher altitude (minimum of -2 K d−1 around 1 km above
the surface. This peak in cooling results from the strong clear-sky cooling of low levels induced by the dry free
troposphere and the warm near-surface temperatures, which increases the longwave cooling from low levels).

As in section 3, we investigate whether imposing the contrasting radiative cooling rates inside and outside
the moist convecting region maintains aggregation. When these two profiles are imposed, we find that aggre-
gation is maintained for all domain sizes. In fact, it is sufficient to include the low-level clear-sky cooling of
the dry regions and the midlevel warming of the moist regions to maintain aggregation for all domain sizes
(Figures 3f–3j). Interestingly, in that case, imposing either of these separately does not yield aggregation at
all domain sizes (supporting information Figure S3). We note also that the upper level part (10–15 km) or the
low part (below 4 km) of the cloudy profile can contribute to maintain aggregation, though only the middle
part yields aggregation at all domain sizes (supporting information Figure S4; to ease comparison, a constant
cooling is added to the profiles to maintain the same vertically integrated net cooling). This again implies that
not only does the vertically integrated radiative cooling matter but the vertical profile of radiative cooling is
important as well. Changing the vertical structure of the cooling can make the convection disaggregate.

The low part of the radiative profile in the dry region is particularly critical, owing to its role in the low-level
circulation discussed in the previous section, but it is weaker and is not sufficient by itself to maintain
the aggregation (Figure 2c). To maintain the aggregation, the low-level cooling in the dry region must be
accompanied by midlevel radiative warming in the moist region caused by clouds. It again has to do with the
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[Muller&Bony2015]

low cloud, 
high cloud and 
clear sky LW 

all contribute positively 
to the self-aggregation 

process



What are the physical processes involved?

cold SSTs => radiatively driven « dry pools »                   warm SSTs => surface flux feedbacks
[Coppin and Bony (2015)]

Surface flux feedbacks more important with warming ? 



Can we observe (self) aggregation ?

Aggregation in observations share common features with modeled self-aggregation: 
Reduced PW, increased OLR

Brightness temperature 

[Tobin, Bony, Roca, 2012; Tobin et al, 2013 ]

[Bony et al 2015]

relative humidity profiles from 
AIRS satellite measurements
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Can we observe (self) aggregation ?

dry

moist

very dry

very moist
specific humidity 

Nauru radiosondes

specific humidity 
CRM simulation

[Holloway Wing Bony Muller Masunaga L’Ecuyer Turner Zuidema, 2017]

t=10 -> 70
t=10 -> 70

=> Square or rectangular geometries similar during the onset of aggregation   
Variability comparable to observations at Nauru 

=> Final aggregated state in square domain too extreme 
Rectangular consistent with observations

moist

dry



Can we observe (self) aggregation ?

As before, impose these differential cooling rates in and out moist region of a simulation
To parameterize the impact of deep clouds, set Qrad=0 in moist deep convecting region

LW radiative profiles estimated from the 
Nauru observed thermodynamic profiles  

clear-sky only moist clear sky  
LW cooling

dry clear sky  
LW cooling

very dry

very moist
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Yes ! But sensitive to SST ?





Conclusions

Spontaneous self-aggregation of deep convection in simulations with 
homogeneous forcing 

Related to different radiative cooling profiles (LW) in and out the moist, 
deep convecting region 

Observed moisture variability at Nauru (in time) is consistent with 
modeled variability (in space) during the onset of self-aggregation 

The final aggregated state in square simulations is too extreme.  
In rectangular geometry, the moisture variability is consistent with 
observations.  

LW cooling rates derived observed thermodynamic profiles can yield self-
aggregation in the model  
But sensitive to SST ?





What are the physical processes involved?

Possible feedbacks : 
surface fluxes (WISHE), 
SW radiation,
LW radiation

=> All 3 impact self-aggregation

BUT
only the LW radiation feedback is key

Simulations where the different feedbacks are removed

[Muller & Held 2012]

from liquid condensates (i.e., low clouds) that is re-
sponsible for self-aggregation.2

Looking back at Fig. 1, one may wonder why low
clouds are absent from the dry regions in the simulation
with aggregated convection; this is because, as we will
see below (section 5c; Fig. 13), low clouds are needed for
the onset of self-aggregation but not for its maintenance.

b. Circulation and mechanism responsible for self-
aggregation

To clarify the role played by low clouds, we look at the
circulation in more detail. The streamfunction C in-
troduced by Bretherton et al. (2005) quantifies the trans-
port in height and energy space. Specifically, it is computed
by ordering the columns with respect to their column
moist static energy

Ð
MSE (index i) and calculating the

corresponding vertical mass flux:

C(i, z) 5 C(i 2 1, z) 1 !Ð
MSE2(

Ð
MSEi21;

Ð
MSEi]

w(z)r(z),

(3)

with C(0, z) 5 0 for all z, where w denotes the vertical
velocity and r the reference density profile used in the
anelastic governing equations. In other words, C(i, z) is
the total vertical mass flux over all the columns withÐ

MSE #
Ð

MSEi. This streamfunction does not represent

circulation in physical space but is designed to allow the
investigation of the transport between dry and moist
regions.

To emphasize the effect of clouds, we compare the
circulation in two runs that both have homogenized
surface fluxes, shortwave radiative cooling, and longwave
radiative cooling from water vapor. In addition, one of
the runs has homogenized longwave radiative cooling
from condensates and therefore does not self-aggregate.
Figures 11a and 11b show the circulation without and with
self-aggregation, respectively. Without self-aggregation,
the circulation is as expected: there is upward motion in
the moist region, horizontal divergence at high levels
where the moist static energy is high, descent in the dry
region, and a low-level return flow where the moist static
energy is lower than in the upper-level outflow. This
results in a net moist static energy transport from moist
regions to dry regions, consistent with Fig. 4. With self-
aggregation, on the other hand, the low-level circulation
in the dry region is quite different. There is a second-
ary circulation near z 5 1 km, with inflow of relatively

FIG. 8. Time (days) that the runs started from aggregated initial
conditions (shown in Fig. 6b) take to disaggregate. Black circles
indicate the runs that are still aggregated after 100 days of run. It
typically takes longer to disaggregate with larger domains and with
finer resolutions.

FIG. 9. Simulations with various resolutions dx and domain sizes
L near dx 5 2 km and L 5 250 km. (a) The control runs are as in
Fig. 6a (i.e., they are started from homogeneous initial conditions
with added small random perturbations to initiate the convection
and are run to 30 days). (b)–(d) The sensitivity runs are similar to
the control runs, but with the addition of the longwave radiative
cooling, the shortwave radiative cooling, and the surface fluxes
homogenized, respectively (see Table 1). Simulations that are self-
aggregated at the end of the run are represented as red circles,
while those with disorganized convection at the end of the run are
shown with black crosses.

2 The results are unchanged if we define low clouds as clouds
below the 700-hPa pressure level (z # 3 km): zeroing the con-
densate amount that enters the longwave-cooling computation at
levels below (above) the 700-hPa pressure level suppresses (does
not suppress) aggregation. The results are also unchanged if instead
of setting liquid/ice condensate amounts in the longwave radiation
computation to zero, we horizontally homogenize them.
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Can self-aggregation feedbacks be observed ?

LW from infrared spectrometers 
 like the AERI  

Collab. Dave Turner, Allison Wing

• We know that differential radiation between moist and dry regions is key [Muller&Bony 2015]

• We know that the evaporation of rain is also important [Jeevanjee Romps 2013; Muller&Bony 2015]

Collab. Chris Holloway

Recently discovered « moisture-memory feedback » leading to aggregation

Clouds over near-surface humidity Control Same BUT no evaporation of rain <1km. 

[Muller&Bony 2015]

• observations from satellite Addisu Semie, Sandrine Bony, Hiro Masunaga, Chris Holloway, Matt Lebsock



Top view of precipitable water PW (= vertically integrated water vapor) 

230 km 256 km

increased OLR 
reduced PW

=> impact on the large scales

Why do we care ?
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model SAM : Khairoutdinov and Randall 2003

Idealized simulations in Radiative Convective Equilibrium (no large-scale forcing) : 
homogeneous environmental conditions

- uniform ocean temperature,
- doubly periodic,
- neglect Coriolis effect

=> spontaneous inhomogeneous organization

What is self-aggregation ?
Clouds over near-surface temperature in Radiative-Convective Equilibrium  

with the model SAM [Khairoutdinov&Randall 2003]


