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 Role of clouds and atmospheric 
radiation in the climate system 

 What is cloud? 
 Why are we interested in clouds? 
  Cloud classification schemes. 
 Clouds and the energy cycle 
 
 

 



 Radiation and Climate 
◦ Radiation is a key factor controlling the Earth’s 

Climate 
◦ Radiative equilibrium at  the TOA represents the 

fundamental mode of the climate system. 
 
Planetary Radiative Equilibrium (over the entire 
planet and long time interval) 

 TOA incoming radiation Ξ TOA outgoing radiation 



Ref:  Trenberth et al (2009),  Earth’s Global Energy Budget,  
Bull. Amer. Met. Soc. 



 TOA incoming radiation = incoming solar 
radiation - reflected solar radiation 
 

 TOA outgoing radiation = outgoing infrared 
radiation (emitted by the atmosphere and 
surface) 
 

 What is TOA incoming solar radiation? 
◦ If F0 is the solar constant (i.e., solar flux at the 

TOA), then incoming solar radiation (per unit area of 
Earth’s surface) is  

 



The cross-section area at which the earth intercepts  
the solar Flux is (πRe

2), but the area of the spherical  
Earth is 4 (πRe

2), where Re is the radius of the Earth. 
 

Solar Constant (F0) 
 

Solar irradiance (or flux) corresponding to the mean  
distance between the earth and the sun available  
on a 1 square meter area facing the sun at TOA,  
is about 1368 Wm-2. 

 
      Assuming  F0 =1368 Wm-2, incoming solar radiation 
      is 1368 Wm-2 /4 = 342 Wm-2. 



Reflected solar radiation? 
 

 Reflected solar radiation = a F0 / 4 
   Where ‘a’ is the global mean planetary albedo. 

 
 Taking a=0.31, reflected solar radiation is 107 

Wm-2 

 



 Planetary albedo is a key climate variable as it combined 
with the solar insolation determines the radiative energy 
input to the planet. 
 

 Global Annual Average Albedo is ~ 0.3 
 

 Albedo varies markedly with geographic region and time 
of year. 
 

 Oceans have a low albedo, snow a high albedo. 
 

 Influence of clouds in determining the albedo 
 





 Low OLR indicate cold temperatures while high values 
are warm areas of the globe. 
 

 The minimum in OLR near the equator is due to the 
high cloud tops associated with the inter-tropical 
convergence zone. 
 

 This minimum migrates about the equator as seen in 
the monthly mean maps, and is also seen as a 
maximum albedo. 
 

 Major deserts have their largest OLR during their 
summer.  This results from the annual temperature 
cycle – as the desert surface heats up it emits more 
long-wave radiation. 









Zonal Mean Radiation Budget 
 
 When globally averaged over a year, net energy gains are 

balanced by energy losses, or nearly so. 
 

 This is not the case when the radiation gains and losses are 
averaged as function of latitude.   
 

 Regions between ~30 N and 30 S gain radiant energy while 
the polar regions are losing energy through radiation 
processes. 
 

 Since the tropics is not continually heating and polar regions 
are continually cooling, energy must be transported from 
tropics to the poles. 
 

 This transportation is accomplished by the atmosphere and 
Ocean currents and is the reason we have weather. 







 Surface energy budget 
 Solar radiation (reaching the surface) and thermal 

radiation (emitted by the surface) are the key 
component of the energy budget at the surface 
controlling the latent and sensible heat and hence the 
surface-atmosphere interactions. 

 
 Energy budget of an atmospheric layer 
    Atmospheric radiation provides an addition source (or a 

sink) of energy causing the radiative heating (or cooling) 
of an atmospheric layer thus affecting the dynamics and 
thermodynamics of the atmosphere 



 Atmospheric Chemistry 

 Atmospheric radiative (actinic) flux controls the 
photolytic reactions that are central to the chemistry of 
the atmosphere. 

 

 Ecology 

    Solar radiation (especially, PAR, photosynthetically 
active radiation, 400-700 nm) is a key to the functioning 
of the terrestrial and aquatic ecosystems. 



 Formally cloud is an aerosol, that is a suspension 
of one phase of matter in another. 
 

 Aerosol Definition:  A colloidal system in which 
the dispersed phase is composed of either solid 
or liquid particles, and in which the dispersion 
medium is some gas, usually air. 
 

 A characteristic of an aerosol is that it is 
disperse. It is not one thing, but many things, or 
many repetitions of the same thing, dispersed in 
space. 



 But clouds are a special type of aerosol, so special in fact 
that we rarely speak of a cloud as being an aerosol. 

 

 Clouds are a type of aerosol that comes into being when 
the atmosphere becomes supersaturated with respect to 
water, and cloud particles grow rapidly and become 
visibly apparent.  

 

 This difference encourages the tendency to associate 
the atmospheric aerosol with only the smallest 
particles, traditionally those under 1 µm, and the growing 
particles that are found in water saturated environments 
as clouds. 



How hydrometeors fit into the broader class of particles 



Rain event on 16 March 2013 at Mahabaleshwar: 2-D Video disdrometer 

Rain rate Drop diameter vs fall velocity 



Rain drop size distributions 



 The ability of the particles that constitute a cloud to grow in 
a supersaturated environment leads to a sequence of events: 
  
◦ grow particles sufficiently large to efficiently scatter light,  
◦ so large as to efficiently precipitate from the atmosphere.  

 
 Cloud particles are hydrometeors, and a subset of these form 

precipitation. 
 
  The study of how cloud particles come into being, how their 

distribution effects the transfer of radiant energy, and how 
they transform themselves into precipitation is the subject 
of cloud physics. 
 

 Clouds also get their meaning because we can see them, or we 
feel their presence through their emission of radiation which 
keeps the ground from cooling on a cloudy night.  
 
 
 



Importance of clouds 

 

• Clouds consist of cloud droplets and/or ice crystals of 
•different sizes. 
 
• Clouds are a major factor in the Earth's radiation budget, 
reflecting sunlight back to space and trapping infrared radiation 
emitted by the Earth's surface. 
 
• Clouds deliver water from the atmosphere to the Earth's surface 
as rain or snow -> hydrological cycle 
 
•Clouds scavenge gaseous and particulate materials and return them 
to the surface (wet deposition). 
 
• Clouds provide a medium for aqueous-phase chemical reactions and 
production of secondary species. 
 
• Updrafts and downdrafts associated with clouds largely determine 
the vertical redistribution of trace species, temperature and 
moisture. 







 
Hence an important part of what makes a cloud are its 
radiative properties, its propensity to scatter visible 
radiation and absorb and emit infrared radiation.  
 
The scattering of visible radiation depends both on the 
amount of suspended water mass, and the size of the 
suspended particles, while the efficacy of clouds in 
absorbing and emitting infrared radiation depends 
primarily on the suspended water mass.  
 
While the suspended water mass, sometimes called the 
liquid water path, is a cloud macroscopic parameter, 
largely controlled by dynamical processes. The 
characteristic drop size is a microphysical parameter and 
can be strongly influenced by cloud microphysical 
processes. 



Why are we interested in clouds? 
 

1. Clouds couple to the water cycle because they are the 
vessels in which precipitation develops. 
 

2. Clouds couple to the radiative balance because they 
interact strongly with both short and long-wave radiation. 
 
It is important to note that the role microphysical processes 
play  in the water cycle is less clear. 
 
• The link between cloud microphysical processes and rainfall 
has been difficult to establish, in part because if the 
atmosphere is determined to precipitate it manages to find 
some microphysical pathway to do so.  
 
• Hence the importance of cloud microphysical relative to 
cloud macrophysical processes has proven difficult to 
establish in any general sense. 



Radiation is also an important reason for studying clouds.  
 
• Clouds reflect significant amounts of solar radiation. As 
much as 50 Wm-2 on an annual and global average.  
 
• This is a large number, more than a factor of ten larger 
than the radiative forcing associated with a doubling of 
CO2 concentrations in the atmosphere. 
 
• This tendency of clouds to reflect solar radiation cools 
the planet, and is called the ‘albedo effect’ or the 
shortwave cloud radiative effect, or sometimes simply 
“shortwave cloud forcing.” 
 

 



•  This strong tendency of clouds to cool the surface is 
partially compensated by their greenhouse effect.   
 
• By absorbing thermal radiation emitted at high 
temperatures (characteristic of the surface) and re-
emitting it at colder temperatures (characteristic of the 
clouds) the net amount of thermal radiation emitted to 
space is reduced, thus acting to reduce the planets 
ability to cool itself.  
 
• This is a warming, or greenhouse, effect, but can also 
be called the longwave cloud radiative effect, or longwave 
cloud radiative forcing.  
 
•  Globally and annually averaged, the effect is about 30 
Wm-2, thereby offsetting by about half the effect of 
cooling due to the cloud albedo effect. 







Cloud classification schemes 
 
• Howard’s scheme attempts a Linnaean type classification of 
clouds into groups or combinations of groups.  The building blocks 
of Howards classification are the familiar cloud types of stratus, 
cumulus and cirrus. 
• Howard’s classification comes from the fact is that these basic 
cloud types reflect underlying processes that govern the cloud 
formation.  
 
•The wispy character of cirrus clouds comes from the ice that 
underlies their formation, and its tendency to grow quickly and 
fall out of the cloud in streaks. 
• Stratus reflect the cooling associated with the uplifting of 
whole layers of the atmosphere. 
•  The puffy character of cumulus reflect their origins as local 
convective elements whose turbulent character gives these cloud 
their cumuliform character.  





 
•  Naturally such processes do not exist in exclusion, hence mixtures 
of such processes, for instance convective motions in layer clouds, 
gives clouds whose character is best described through a combination 
of the Howard archetypes, in the present case stratocumulus. 
 
• The emergence of satellite meteorology has lead to the 
development of new cloud classification schemes, based on what can 
be effectively be measured by satellite.  
 
•  One such popular scheme is that associated with the International 
Satellite Cloud Climatology Project (ISCCP), wherein clouds are 
classified according to their cloud-top temperature, which is well 
measured by infrared sensors, and their optical depth, which can be 
readily measured by their visible albedo.  
 
•  This classification scheme maps well onto those processes that 
motivate our interest in clouds in the first place. Optically thick 
clouds with cold tops are readily associated with precipitation. 
 
 




















