
 
Clouds, climate, challenges 

Herman Russchenberg 

Remote Sensing of the Atmosphere 



The radiation balance: a status quo 

Solar energy 

No atmosphere 

Too cold to live in 

Greenhouse 
gases 

Too warm to live in 

Cooling clouds 

Nice in the shade 

height 

-20 +24 +14 



Clouds and climate 

Clouds scatter light 

Clouds absorb heat 

Evaporation cools 

Condensation warms 

Cooling Warming 



Neg. Feedback  

Pos. Feedback  

Present 

Perturbed Future 

Strong Pos. Feedback  

Possible cloud responses to warming 



Short wave fluxes Long wave fluxes 

Number concentration 

Liquid water content 

Optical depth = total extinction of radiation due to absorption and scattering 



Example of broadband sw fluxes 



D
ire

ct w
a
rm

in
g
 d

u
e
 to

 C
O

2
 

R
e
sp

o
n
se

 o
f th

e
 e

a
rth

 A
d
d
it
io

n
a
l 
w

a
rm

in
g
 

Global warming: state of the art 



Greenland melt, July 2012 



Bennartz et al, 2013, Nature 

Impact of thin low level clouds on 

surface temperature 



How much light reaches the earth? 

How much is reflected into space? 

How much heat leaves the earth? 

How much water condenses or evaporates? 

How much water precipitates? 

The cloud questions 
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Climate grid 

Why are clouds so difficult? 



A bit about cloud formation 

Condensation  
level 

No aerosols A few aerosols Many aerosols 

Moist air parcels 

Clouds 



rainfall formation 

Large droplets: 

rainfall 

More aerosols  

Delayed rainfall 

Longer cloud lifetime 

Sustained impact  
on radiation 
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Influenced by aerosol background? 



 City effect on winter precipitation? 

weekdays weekends 

difference 

Fabry et al, AMS Radar conference 2013 

Analysis of 17 years  
of weather radar data 



Cesar Observatory 

Delft University of Technology, KNMI, Wageningen University and Research 

Utrecht University, RIVM, ECN, TNO , European Space Agency 

 

Groeten uit Cabauw 

http://ftp.tudelft.nl/TUDelft/irctr-rse/dies2012/index.html


Assume a cloud model 

Cloud base 

Cloud top 

H 

Expected response of radar 

Expected response of lidar 

Number of droplets 

Water content 



radar lidar radiometer 

Inside stratocumulus 
Radar reflection [dBZ] 

Total amount of water [g/m^2] 

Time [utc] 



estimate cloud parameters 

Droplet concentration Profile particle size 

Courtesy: Christine Brandau 



Extinction  Optical thickness 

radiative properties 



What about the link with aerosols?  

• Lidar extinction coefficient was measured 300 m 

below the cloud base 

 

• Radar reflectivity and cloud droplet effective radius 

were measured 100 m above the cloud base 

 

• Radar range is 90 m (we need better resolution!) 

 

• Extinction range is 15 m – for these preliminary 

results it was integrated over 6 bins 



2012 – 12 – 16   





Extinction vs. Radar Reflectivity (ln scale)  
for the whole cloud 

More aerosol exctinction: 
 
Stronger radar reflection  



Extinction vs. Radar reflectivity for different time intervals 

• from 19:00 to 19:05 • from 19:00 to 19:30 

• from 19:30 to 20:00 • from 19:00 to 20:00 



Extinction vs. Radar Reflectivity for smaller LWP intervals (ln scale) 

• for LWP 85 – 95 g/m3 • for LWP 96 – 105 g/m3 

• for LWP 106 – 115 g/m3 • for LWP 116 – 125 g/m3 



Lidar extinction vs. Radar reflectivity 

• updrafts • downdrafts 

The effect seems(!!) a bit stronger in updrafts  



 Needed 

Sources 
Anthropogenic vs natural aerosol 
Back trajectories 
Relate ground-based in situ observations to cloud base: 
 Vertical transport obs and mod 


