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&1 Our satellite observations of water vapor collected over
i the world’s oceans since 1988 show similar rates of
Increase ~ 6.6 %/K
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The estirﬁz_ted change-on::BOA LW flux associated with
this change in watervapor ~ 0.5W/m2/decade
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-l Column Water Vapor
- A Precipitation Rate

~1.8%/K
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How Much More Rain Will Global Warming Bring ~

rrank 3. wentz* Luarezia Riccimall. Ky1e Hibum. v Sjmple expectations of water availability imply that the
fl efficiency ~1 but energetics dictates otherwise
(efficiency < 1)
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Cloud - radiative processes, sensible heating changes tug at the magnitude ...
of the global change of p'r'écipitqtion set by the water vapor feedback
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On the global mean scale, | believe.g'.ross precipitation'changes are-argely-

predictable based on predictable changes to the atmospheric energy balance -
of the relevant _contributrons;the cloud heating term (sign,magnitude) is :
perhaps most uncertain 3 =
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Fig. 1 After Allen and Ingram (2002), Fig. 4. Log-log plot of the
change in distribution of global (all gridpoints and seasons) daily
precipitation at years 2070-2100 of a transient HadCM3 climate
change simulation. The solid curve shows the distribution in the
transient simulation, where CO; levels have increased by a factor
of approximately 2.7. The dashed curve shows the corresponding
control simulation. Their ratio is shown by the dotted curve and

right-hand (linear) axis. The global-mean warming is 3.6 K and
the tropical-mean is 3.3 K, giving a Clausius-Clapeyron pre-
dicted limit on this ratio of about 23% as shown by the starred
point. Note that Allen and Ingram (2002) incorrectly: stated this
period as being around the time of CO; doubling; found a 22%
Clausius-Clapeyron predicted limit; labelled the left-hand axis as
‘Intensity’)




more homogenous
- (land/ocean) data resource
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PASSIVE MICROWAVE
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e Uses IR channel of the GOES * TRMM Microwave Imager e EJSMM Precipitation Radar
satellites {  (TMI); AMSR-E

- Goddard Profiling Algorithm | » Uses Z-R _relatlons, porrec_:ted
(GPROF, Kummerow et al | for attenuation, to derive rain
1996) rate

« Scanning instrument, profiles
of precipitation rate

L R L T

» Counts pixels colder than a
given brightness temperature
threshold and associates with

rain rate » Based on tropical cloud
resolving model database;
state-of-the-art in tropics

» Associates cold cloud with
raining clouds

-

T
For general review,"Stephens and Kummerow, 2007_




Infrared: An indirect method of assessing precipitation
presence; high cold cloud does not necessarily mean deep,
E precipitating clouds.
=

i e Passive microwave: Relatively large field of view, rain

.l detection problems (Berg et al., 2008), deteriorates outside

£ the tropics, land methods are problematic

& » Radar: The TRMM PR has a minimum detectable signal of
17 dBZ, and misses light precipitation and most snowfall.
| TRMM coverage only to ~ 37N/S

*None ‘detects’ or measures the predominant modes of snow
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= 82.5° orbhital inclination
= 705 km above MSL

= ~1 AM/PM equator crossing time
= 16 day repeat cycle

» 94 GHz near-nadir radar system
= 240 m vertical resolution (oversampled)
» 1.4 x 1.7 km footprint
» 0.16 s integration time
| = —30 dBZ minimum detectable signal
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» Five (soon to be six) satellite flying in
| formation

= Near-simultaneous observations, but all at
different resolutions
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: «CloudSat is a very sensmve preC|p|tat|on detector because it has
l“_—" = a small minimum detectable signal (-30 dBZ) and sensitive to the

f.‘.-':: " Incipient stages of precipitation formation. e
i e
= — *CloudSat detects snow S

. -E '_'_EI;";:"' =

*"'..:‘_55 (O~1km, closer to the intrinsic scale of the processes of

= * CloudSat has a smaller footprint than the passive microwave :,;v.__.:.-
—a
== relevance) , so the information is not artificially smeared (as 2 T

£ much) N
o= . . _ e —
== + The CloudSat radar Is an active sensor that profiles cloud -T_f_—:
=4 boundaries simultaneously with the detection of precipitation iz '-‘"

making links to clouds more direct and thus ties to processes e
== more apparent

» Observations extends into the middle and high latitudes

Haynes et al., 2008



2008

Approved for extended mission in i —— E0T S ey
PP Enhanced Products (Proposed)

= 2007 o 2B-rain Surface rainrate, profiles of
. Precipitation liquid water content in
Extended mission to 2011 ! liuid) orecipitation

. = 2B-snow Profiles of snow particle size
Extended mission to support B Precipitation distribution parameters and

‘enhanced’ products o (solid) snowfall rate
s 2B-CC-ICE Profiles of number

& All standard product have been ta concentration, particle size
- and ice water content
released : TRMM PR reflectivities and

T rainfall products matched to
| Precipitation products near release pg= CloudSat reflectivity and

(ocean-wide attenuation based : — ﬂ;\;agl prg_ducts .
product is ready - ocean is ‘easy’) ] radiances an

products matched to
T — CloudSat ground track
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irect matchups with TRMM PR/TMI to about 35° Iatltude ~2 orbital crossovers per day, 1.5+
ears of observations. These data (AN PR) WI|| soon be available at the CloudSat DPC

= .l'._._._- : T e T
-'-.—_-_.- '..,.-r =y - CloudSat CPR
- "-'A-' L

Height {km}

TEMM PR

Helght {km)

10
R (mm h™")
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Rain rate (mm h™")

34.5 35.0 35.5
Latitude

CloudSat sees more light rain than the PR - driven by differing instrument sensitivities
and low-level detection capabilities
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Fractional cloudiness (JJA 2007)
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This Is the first deflnmve estimate ofthe fraction of clouds

O our planet that precipitate
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Light rain is prevalent-but the bulk of the fresh water that falls -
to the ocean surface-oeccurs at rates between 1-5 mm/hr
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Figure 1. Inputs and outputs from the CloudSat 2B-FLXHR algorithm. From top to
bottom: (a) calibrated reflectivity, 2B-GEOPROF cloud mask, IWC, and LWC, and (b)

cloud mask (repeated), net heating, LW heating, and SW heating (in K d—!).




FI: WEFC




L’ECUYER ET AL.: CLOUD RADIATIVE IMPACTS FROM CLOUDSAT
(b)
Qutgoing Longwave Radiation QOutgoing Shortwave Radiation
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Figure 8. Comparizon of monthly, 5-degree mean TOA and BOA flux estimates from
the CloudSat 2B-FLXHR and CERES FLASHFIux products: (a) outgoing LW radiation,

{b) outgoing SW radiation, (c) surface LW radiation, and (d) surface SW radiation.
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