
Clouds and turbulent moist convection

L3

Caroline Muller
Laboratoire de Météorologie Dynamique

Ecole Normale Supérieure



What are clouds ? 



Cloud formation
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What are clouds ? 

Distribution of cloud amount
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What are clouds ? 



What are clouds? Key actors of climate

An era of blooming cloud and climate science 



What are clouds? A Grand Challenge
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Figure 16 : image satellite (canal infrarouge) correspondant à un front froid et un front chaud.
Figure 17 : canal vapeur d’eau. Figure 18 : canal visible.

Figures 19 et 20 : représentation d’un front chaud.
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Earth From Weather Satellite 1960Earth from rocket 1946 Blue Marble 1972

Tintin on the moon 1952

Cloud visualization from space



A Year of Weather 2015
This visualisation, comprised of imagery from the geostationary satellites of EUMETSAT, NOAA and the 
JMA, shows an entire year of weather The satellite data layer is superimposed over NASA's 'Blue Marble
Next Generation' ground maps, which change with the seasons.

=> Different characteristics at low and high latitudes

Distribution of clouds



Distribution of clouds
Water vapor from satellite

Small-scale tropical 
« pop corn » convection

Deep convective system over Brazil

Larger-scale
extratropical 
convection



Clouds are coupled with circulation

Intertropical Convergence Zone

Extratropical low/high pressure systems 

Planetary scale : ITCZ, Hadley, Walker (ENSO), monsoon

Synoptic scale : Equatorial waves, Extratropical frontal systems



Clouds and Circulation: ITCZ

P (mm/day)
1981-1999 climatology, multimodel mean

[Muller & O’Gorman, 2011]



[Trenberth 2011]

Total column water vapor (TCWV) and precipitation (mm/day)
January (left)                                                July (right)

Large in Tropics (ascent) 

Small in Subtropics (descent)

Clouds and Circulation: ITCZ



Clouds and Circulation: ITCZ

Courtesy Gilles Bellon



Clouds and Circulation: Hadley cell

stratusFair weather cumulusDeep cumulonimbus

Cloud types:

subtropics (30o)equator



Clouds and Circulation: Walker cell



Clouds and Circulation: Walker cell

(green=cloud cover)

Courtesy Gilles Bellon



Clouds and Circulation: El Nino



Clouds and Circulation: Monsoon

Asian monsoon

West-African monsoon

Courtesy Gilles Bellon



Clouds are coupled with circulation

Intertropical Convergence Zone

Extratropical low/high pressure systems 

Planetary scale : ITCZ, Hadley, Walker (ENSO), monsoon

Synoptic scale : Equatorial waves, Extratropical frontal systems



Convective organization: equatorial waves

[Matsuno 66]



Convective organization: equatorial waves

[Matsuno 66]



Convective organization: MJO



Convective organization: equatorial waves



Convective organization: equatorial waves



(mesoscale organization)

Slovakia

Austria

Czech Republic

Allemagne

Mesoscale
convective systems



(mesoscale organization)
Tropical cyclones



(mesoscale organization)
Transitions between organized structures



(mesoscale organization)

Convective systems in an african
easterly waves

Hurricane Isabel off the coast of Africa



courant-jet polaire

NASA

High latitudes => clouds embedded in low/high pressure systems
and associated fronts

Extratropical frontal systems



Extratropical frontal systems
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Figure 16 : image satellite (canal infrarouge) correspondant à un front froid et un front chaud.
Figure 17 : canal vapeur d’eau. Figure 18 : canal visible.

Figures 19 et 20 : représentation d’un front chaud.

IR

Clouds in frontal systems

Extratropical frontal systems

Corresponding
T field
Clouds are 
clearly linked to 
the dynamics
of frontal 
systems
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Figure 16 : image satellite (canal infrarouge) correspondant à un front froid et un front chaud.
Figure 17 : canal vapeur d’eau. Figure 18 : canal visible.

Figures 19 et 20 : représentation d’un front chaud.



Extratropical frontal systems



Clouds from space
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Extratropical frontal systems


