ortance of clouds




The Global Climate System
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Radiation in the climate system
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Net cloud radiative effect from ERBE

Hartmann et al. (1992) |
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Latent Heating

Combined satellite rainfall measurements

Reflects locations of major precipitating cloud systems
spatiotemporal variability




The Global Hydrological Cycle
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From global to local - range of scales
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Impact of cloud type upon radiation

Shortwave Cloud Forcing
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Impact of cloud type upon radiation

Longwave Cloud Forcing
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Impact of cloud type upon radiation

Net Cloud Forcing
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Distribution of cloud types

Tropical
East
Pacific
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Radiative effect of cloud types

CRF =-50.6 Wm™, HIGH CRF =-18.2 Wm"™
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Factors influencing cloud types
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ISCCP inferred St/Sc amount

Dennis Hartmann “egg” plot |
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Tropical-
subtropical
general
circulation
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Seasonal cycle of precipitation




Interannual variability of precipitation
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Global frequency and distribution of lightning as
observed from space

Christian et al., J. Geophys. Res., 2003.

60 90 120 150

50
40
30
20
105
B
6 E
4 w
2 2
13
8L
6
4

2

A

.01




East Pacific cross-equatorial cloud optical depth (MODIS),
SST (TMI) and wind stress (QUIKSCAT) (2000/09/11)
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Clouds and precipitation
associated with
midlatitude cyclones
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Clouds and climate change




Clouds in
climate
models
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cloud amount
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| MODIS Visible Image,
Bay of Biscay
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Pacific Northwest Projected River Flow
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Cloud effects on atmospheric
chemistry

Acidity of rain
‘Gas-particle conversion
* The aerosol “general circulation”




Cloud and precipitation chemistry

Drop continues to rows

grow by collecting grows by

smaller cloud condensation. Ambient gas
droplets already absorb in droplet and acidity
acidified by 1s ncreased by aqueous phase
macleation : chemical reactions

s:‘.;u-l:n,g:mpﬂ ::;d

chemical reactions CCN dissolves in droplet

nucleates on a OCN
(nuclearion scavenging)

pases as it falls to
ground (below-
cloud precipitation
scavenging)

Figure 7.1. Schematic diagram of the processes affecting the chemical composi:
tions of cloud droplets and rain. Not drawn to scale.

Hobbs 2000




Upper troposphere

New Growth
particle of particles
production

Convective &
clouds /i Subsidence
processing

Cloud processing

Marine boundary layer

———

DMS, SO», particles

Ocean
TROPICS SUB-TROPICS

Figure 7.12. The Hadley cell scenario for transporting aerosols between the tropics and sub-tropics.
[Adapted from F. Raes et al., in Dimethylsulphide: Oceans, Atmosphere and Climate, Ed. G. Restelli
and G. Angeletti, Kluwer Academic Publishers (1993), with permission from Kluwer Academic

Publishers.] Hobbs 2000




Modeling clouds and precipitation

‘Forecasting of precipitation

 Climate impacts




10x10x5 m
resolution

20x20x3 km
domain

Stevens et al. (2002)




....to the ridiculous, but necessary

3x3° resolution
global domain

climateprediction.net
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Figure 7.11. Schematic diagram illustrating a conceptual model for new particle production near marine convective ¢ ouds.
Perry and P V. Hobbs, J. Geophys. Res., 99, 22813 (1994), Copyright © by the American Geophysical Union.]
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Radiative Forcing Components
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