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A-Train Satellite Constellation

v Simultaneous measurement of cloud and precipitation
v' How can we use satellite observations for:

1. process understanding

2. model evaluation

3. parameterization development



Scope of this Talk

* Focus on warm rain precipitation processes
— Autoconversion
— Accretion

* Emphasis: using the observations to evaluate
and constrain the representation of specific
processes




Light Precipitation from CloudSat

Detection Quantification
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Total Precipitation Occurrence

1.0
(a) Global
__ ] E= Model
1 CloudSat(3X)
[ CloudSat(1X)
0.5 I

Fractionzl Incidence

1] ,HHH, Il

OCloudSat ' ECMWF 2 UKMet 3 CAM 4 AM S NicaM 6 NicaM 7
Native T511 1.25 deg 2 deg 2 deg 7km 14km
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Warm Rain Accumulation

0.07

T T
=== CloudSat
CAMS5 1deg | |
= CAMS5 CLUBB|

— i i i | = AM3 0.5deg ]
0.05---f-de RN I — e AM3 CLUBB |-

T e e S e

——————————————————————————————————————————————————————————————

T
REH RN
e
b LR J .......

- ?05 -100 -95 -90 -85 -80 -75 -70

Precip rate (mm hr'1)

Models and CloudSat agree on rain rate

Grovesner et al. (in prep)



Probability of Precipitation and Cloud Water

Probability of Precipitation

NICAM-SPRINTARS

A-Train: CloudSat+AMSR-E+MODIS NICAM-SPRINTARS
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Observed “fingerprint” of Microphysical Processes
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Evaluation of Climate Models w/ COSP
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Evaluation of Climate Models w/ COSP (cont’d)
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Autoconversion Parameterizations in a Single Column Model
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Sub-grid Variability of Microphysics

* The model provides grid
mean:

qc’]vc’qr’]\_]r

* Microphysical processes are 2.0
non-linear and occur at local
scales. One cannot use the
grid means to calculate their
rates without incurring a
non-linear averaging bias. W\ U~

* Focus on two processes

— Autoconversion: Direct
conversion of cloud water
to rain water

— Accretion: Collection of
cloud water by falling rain




Process Rate Formulation

e Assume the Khairoutdinov and Kogan, [2000]
formulations

Autoconversion
b(lLllO

M, =a,

auto auto Conto
N, parameter %uco  Pate  Cato  Gacer  bocr

Accretion value 1350 2.47 1.79 67 1.15

baccr
M acc aaccr (qrqc)

e Autoconversion is much more non-linear than accretion.
Is subgrid influence on accretion negligible?



Framework

e Assume Bi-variate lognormal distribution
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e Enhancement factor
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— Parameters

1. Normalized Cloud Water Variance

2 Normalized Precipitation Water Variance
3. Cloud/Precipitation Correlation

4 Microphysical coefficients

—  The grid mean process rate can be calculated using the original
microphysical coefficients modified by an enhancement factor (E)
related to the sub-grid variability



CloudSat: sensitive to Precipitation

CloudSat & MODIS Data

MODIS: sensitive to cloud
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Calculate (linear & log) statistics
— Correlation

— Cloud variance/mean

— Precip variance/mean



PDF

Cloud-Precipitation Correlation
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Satellite correlation is large

— LES~0.24 Spatial scale of observations?
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Precipitation is more variable than cloud
Well defined geographical patterns



Enhancement Factors

Sub-grid Accretion Enhancement
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 The geography of the enhancement follows that of the cloud water
variance

 Accretion enhancement is comparable to autoconversion enhancement



Importance of Including Correlation
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e |ssub-grid influence on accretion negligible?

— No. Accretion enhancement becomes important when sub-grid variance in both cloud/
precipitation AND their correlation are considered.



Homogeneity

Correlation

Scale Dependence

Covariance Parameters
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Summary

CloudSat offers a unique global view of light precipitation

A-Train observables can be used to constrain specific
processes

Conversion of cloud to rain is too fast in global models
— KK parameterization seems to perform best
— Representation of the sub-grid is critical

Sub-grid influence on accretion rates is non-negligible

— Requires a representation of cloud/precipitation variability and
correlation



