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== Confront model results with NASA high-resolution
satellites

* NASA state-of-the-art satellite measurements
o Satellite simulators
* Evaluate the MMF results with Aura/MLS and CloudSat




Motivations —
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1 parameteriza‘{'&a,longstanding problem and major
imate models.
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SS mptlons (Kou, CAPE, relaxatlon time scale, CAPE in
here (Zhang 2003, 2004))

ssumptions (threshold, moisture convergence, RH)
od/ Jnsaturated convective downdraft
S ( ale updraft/downdraft
_ -g-f.":i'-i_x;- ive momentum transport
—Representation of sub-grid cloud: ensemble of entraining plumes,

buoyancy sorting parcels, undiluted/diluted member, 1D/2D cloud
__model.

e Shallow convection and transition from shallow to deep convection

» The GEWEX Cloud System Study (GCSS) has demonstrated that
CRMs are superior to SCMs in the prediction of temperature and
moisture tendencies using the same large-scale forcing derived
from field campaigns.



':.‘M‘MF Developing History

— 'Il"llu-—_
wski and Smolarkiewicz (1999) and Grabowski (2001) Replace the
tional convective parameterlzatlons with a CRM |n each grid column

003), and Khairoutdinov et al. (2005)
St uper-parameterization: unified all physical
= Scesses in one framework (i.e. deep/shallow
E-':-'""—:bmenvec:tlon, radiation, PBL turbulence,

—
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- surface processes interact with each other in CRM
temporal and spatial scale.)

» Arakawa (2004):

* Multi-scale Modeling Framework: Embedded
high-resolution explicit model inside a coarse
host model.

* Quasi-3D MMF
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obal -grid Two-way | Computing _
- | Yes ' Yes Yes 1
| No No No 10-100
e

ested MM | No Yes Yes 10-100
“[MMF | Yes Yes Yes 100-1000

| Global Yes No Yes 1000-
CRM 100,000

The MMF run one month per day with 364 processors on
Columbia supercomputer




— Goddaré MMF Research Objectives
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a MMF based on the Goddard Cloud Ensemble Model (GCE) and
-volume General Clrculatlon Model (vaCM)

_ | N A * )

I/IGPM, the EOS A-Train
- provides a link between
olution observations and
_ resolution of a GCM’s
L ASA satellite measurements
= j’: oV |de data for improving physical
*"Earameterlzatlons in GCE.
~ » Intercomparison of results from IPCC Models: Global Average Ice Water Path

- different MMFs to explore the g
capabilities and limitations of MMFs
and study the effects of different GCMs
and CRMs.

» The MMF provides global cloud
data for improving the convectional
parameterization schemes in GCMs.
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The Goddard MMF

I has been constructed with the finite-volume
ic core (Lin, 2004), NCAR CCMa3 physics package

S|mple MMF framework.

* fVGCM at 2.0° X 2.5°latitude-longitude
grids with 32 vertical levels from surface ™
to 0.4 Pa (there are 8 layers below 850 hPa)

* Globally there are 13,104 copies of 2D GCE running at
the same time.
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Goddard MMF (continue) =
64 X id@inw

il resolution
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) GCE coupling time is one hour
p etween hybrid P (fvGCM) and Z (GCE)

sing finite-volume Piecewise Parabolic
M) to conserve mass, momentum and moist
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Large-scale forcings

Background profiles (T, q, u, v, w) GCE

P=17Z

Moist physics tendencies (T and q)
Cloud and precipitation
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e carried out on NASA Columbia
'uter
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20 monthly sensitivity experiments (July,
ave been performed.
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= Lanaly3|s (1° x 1.25° with 55 vertical levels)
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- Observed SST (NOAA weekly Ol SST) was used.

* Feedback from GCE: tendencies of T and qv.
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Monthly Mean Precipitation Rate 1998
e AN L
Shvection TRMM_UAN MEAN = 2.92

Double
ITCZ

FVGCM JUL MEAN = 3.49
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Rain
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TRMM TMI  Mean= 2.26 TRMM Combined Mean= 1.93

S50W 4OW  30W 20w 10W 0 10E  20E 0 10E 20E

fvMMF Mean= 2.06 fvGCM Mean= 3.16

Monthly precipitation rates (mm/day) over West Africa for September 1999
from TRMM observations (TMI, top-left, and Combined, top-right) and
simulations from the Goddard MMF (lower-left panel) and the fvGCM (lower-

right panel).



Total Precipitable Water (mm)- —

=

VAP MMF

NVAP 1998 DJF mean= 23.9002 ) g¢ 78 MMF 1998 DJF mean= 24.2

1998 JJA




easonal Mean High Cloud Amount

ISCCP D2 fvGCM

FVGCM mean= 38.0943 FYMMF mean= 20.9495

1999 JJA
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amer Excessive Precipitw.'
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NIMF e avhi

1onlinear coupling, the physical causes are very difficult to
> and identify

he -f‘éf'cyclic lateral boundary condition in CRM

=== Dimensionality (2D CRM vs 3D CRM)

— »= Convective momentum transport

—=—= Excesswe local convective-wind-evaporation feedback (Luo and
Sthhens 20006)

- Sensitive to the orientation of the CRM major axis. N-S axis
produces better resuilt.

* Sensitive to the dynamics of the CRM. Elastic system reduce
precipitation.
* Sensitive to the microphysical scheme of the CRM.
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mer Excessive Precipitation Problem (cont.....
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atic Acceleration and Rescaling (DARE), consists of

g all dalaba Drocesses, redu . été-ry-radius
Icreasing its rotation (Kaung et al. 2005).

= | xperiment with WRF (75S-75N) at ~ 4 km resolution also

£ "

v similar precipitation bias as the MMFs.

Summer season mean precip
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oller diagrams of Tropical Precipitation
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ocal Time of Maximum Precip. Frequency
ﬂ MM(DJF 998 19IgI9) — - ‘.f'_' ——

Observatlon

hourly preC|p|tat|on (X. Lin):
TRMM/TMI, DMSP/F13,
F14,F15, AMSR-E/Aqua
(1998-2005) at 2.5° x 2.5°
resolution
vaLM(DJF 1998 1999)
Merged MW | VGCM
DJF DJF
1998-2005 1998-1999
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MW 1600-1800 | 0200-0600

MME 1600-1800 | 0200-0600

GCM 0800-1000 | 0000-0400
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Merged MW 8 VGCM
JJA JJA
1998-2005 | 1998-1999
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Diurnal Cycle of Summer Precip. over US
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- Diurnal Cycle of Summer Precip.. -
over US along 35N — B —

" WGCM MMF

1998-1999 1998-1999)
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TMI,SSMI,and AMSR—E (JJA 1998-2005) fVGCM (JJA 1998—1999) MMF (JJA 1998-1999)




T
ate-of-the-art satellite

- 4 km Cloudsat

o L = .5 km MODIS Band 3-7 |

al ﬁwater vapor
her products
and improvement.

The A ua/Aura Afternoon :
Onste"atlon Washington

USGS Map

The “A” Train
1:38 PM 1:30 PM
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»Aura Microwave Limb Sounder (MLS) ...
sasurements of Upper-Tropospheric Cloud Ice
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lutions:
5 km vertical

J0 km horizontal
ange of Sensitivity:

=~ 2 to 50 mg/m?
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MLS Toe Water Contenl at 147 hPa 02 JAN 2005
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= [l Gl B 00 = 000 D o P L e O

147 hPa Cloud lce (mg/m?)

FIG 1. EOS MLS measurements of cloud

ice. Maps shown here give average values
IS e SRR SA% S for Aug 25 to Sep 6 ,2004 at four pressure
levels.



- Cloud Ice Content at 150 hpa
~  (Duane Waliser and Frank Li at NASA/JPL)
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Goddard MMF vs. MLS IWC @ 147 hPa

_:MLS"’E‘” Blue: Jan 2005

MLS-Annual

O WMMF-Jan Red: Aug 2004-
July 2005

Yellow: fvMMF

Jan 1998

Qg‘bgﬁghg‘b N2 Y™ o D

_-.'_1-: - IWC (mg/m#43)

It is expected the ice microphysical processesin
the model, instrument sensitivity, and uncertainties
in retrieval algorithms cause the difference.
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IWC @147 hPa
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Satellite SimulaW"
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spectrum (visible, infrared, and microwave)
erosol optical properties
-'sive radiative transfer solver

e .

= -E_u-""' -

ESS can compute satellite-consistent
gf_:q_t‘msible IR radiance
- ¢ lidar attenuating backscattering coefficient
_'° microwave brightness temperature (Tb)
* Rain Radar Reflectivity

* Cloud Radar Reflectivity

i
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ckBeam Radar Slrpuw*

oped by John Haynes at CSU

e ?

mmon microwave frequency
C louSat)

s d* er the top-down or the bottom-up
1put: the state of the atmosphere, water/ice

= T
=

:_;_ “sp cres and the size distribution of species
g;:: - Qutput profiles of effective radar reflectivity factor
- that emulate what a physical radar system

would observe.
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" UsirE' Radar Reflectivity to improve
etal.2007)
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) "Radar Profile Classification
(Stephens and Wood 2006)
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Summary J:r
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MF |mproves maﬁy%ﬂbn biases found in GCMs such as
iNniItatioNn Na -.-n-‘- oOuad amoun UOuUpDIC CZ MJO

C vV C = \J

AF precipitation in the western Pacific, Bay of Bengal,
1 India Ocean, and eastern tropical Pacific is too active
ﬁ ummer.
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e "--; MMF does not produce the nocturnal precipitation maxima
~  —  over the Great Plain in US. This might indicate the limitation of the
..-i:'f‘ ‘embedded 2D CRM with cyclic BC to simulate the propagating
~  ~MCSs.

—

M

. Preliminary results show the usefulness of cloudsat simulator and
reflectivity CFAD statistical analyses to understand and improve
the cloud microphysical processes in the model.



