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The radiation balance: a status quo

Solar energy

height ,
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Clouds and climate

Cooling

Clouds scatter light

Warming

Clouds absorb heat

Evaporation cools

B -

Condensation warms
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Possible cloud responses to warming

Perturbed Future
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Short wave fluxes Long wave fluxes

ﬁ Number concentration

O Liquid water content

Optical depth = total extinction of radiation due to absorption and scattering
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Global warming: state of the art

2XCO, Scenario for 12 Climate Models
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Greenland melt, July 2012

No Data Ice/Snow Free Probable Melt Melt No Melting
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Impact of thin low level clouds on
surface temperature

W T, cbserved (met. tower)
o T, medelled (sim. rad. fluxes)
m 7, medelled [obs. rad. fluxes)

o W Ty, observed (radiosonde)
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The cloud questions

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?
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Why are
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A bit about cloud formation

Cloud's
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rainfall formation

More aerosols

J

Delayed rainfall

J

/i /7 | Large droplets: Longer cloud lifetime
Y | rainfall

Sustained impact
on radiation
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LWP

Tcloud —

Influenced by aerosol background?
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City effect on winter precipitation?

WKD: JAN - DEC

dlfference LA

Analysis of 17 years
of weather radar data

'i"u Delft Fabry et al, AMS Radar conference 2013
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http://ftp.tudelft.nl/TUDelft/irctr-rse/dies2012/index.html

Assume a cloud model

Number of droplets

4 Expected response of radar
Cloud top

A J — v

A

Cloud base e
Water content Expected response of lidar
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estimate cloud parameters

Droplet concentration Profile particle size
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radiative properties

Extinction Optical thickness
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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
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2012 -12-16

2012-12-16 2 35 GHz Cloud Radar . _ 2012-12-16 ¥ 35 Bz Cloud Radar
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2012-12-16 Z 35 GHz Cloud Radar
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Extinction vs. Radar Reflectivity (In scale)

I for the whole cloud

Extinction coefficient wz, Radar reflectivity
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Extinction vs. Radar reflectivity for different time intervals

e from 19:00 to 19:05 e from 19:00 to 19:30

- Extinction cosfficient ws, Radar reflectivity Extinction cosfficient ws, Radar reflectivity
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Extinction vs. Radar Reflectivity for smaller LWP intervals (In scale)

« for LWP 85-95g/m?3 « for LWP 96 —105 g/m3

- Extinction cosfficient ws, Radar reflectivity . Extinction cosfficient v, Radar reflectivity
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. ‘Lidar extinction vs. Radar reflectivity

e updrafts  downdrafts
EE_xtinctiu:un coefficient we, Radar reflectivity for updrafts Ex_tinctiu:un coefficient we, Radar reflectivity for downdrafts
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The effect seems(!!) a bit stronger in updrafts
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Needed

Sources

Anthropogenic vs natural aerosol

Back trajectories

Relate ground-based in situ observations to cloud base:
Vertical transport obs and mod
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