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New Analysis DatasetsNew Analysis Datasets



M-PACE (S. Xie et al.)



TWP-ICE (S. Xie, T. Hume et al.)



Extensions to Analysis Techniques 
(M Zh )(M. Zhang)
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Selected M-PACE Results



M-PACE 
ModelModel 
Intercomparison

Period A Period BPeriod A Period B



Li id SCMsLiquid 
Water Path 

SCMs

CRMs are not CRMs are not 
i t SCMi t SCMsuperior to SCMssuperior to SCMs

AerosolAerosol--Cloud Cloud 
Mi h iMi h iMicrophysics Microphysics 
(first) and (first) and 
turbulent transportturbulent transport

CRMs

turbulent transport turbulent transport 
(second) are more (second) are more 
importantimportant



Sensitivity to Aerosol-CloudSensitivity to Aerosol Cloud 
Microphysics for Arctic Clouds

UCLA LaRC Cloud Resolving Model 

Liquid Water Content Ice Water Content

(Y. Luo et al.)

C
Aircraft Obs

One Moment 
(Modified Lin et al. 

Liquid Water Content Ice Water Content

( odified in et al.
1983)

Two Moment 
(Morrison et al(Morrison et al. 
2005)



Sensitivity to Aerosol-CloudSensitivity to Aerosol Cloud 
Microphysics for Arctic Clouds 

X. Liu et al. insert a double moment X. Liu et al. insert a double moment 
i h i t i ti f l d ii h i t i ti f l d imicrophysics parameterization for cloud ice microphysics parameterization for cloud ice 

into the NCAR CAM climate modelinto the NCAR CAM climate model
This replaces the single moment This replaces the single moment 
temperature partitioning of cloud temperature partitioning of cloud 
condensatecondensate
This has been tested in SCM and CAPT This has been tested in SCM and CAPT 
integrations of the NCAR CAMintegrations of the NCAR CAM



C

X. Liu et al. and the CAPT team



Statistical Assessment of Models 
with ARM Data



Manus Condensate:Manus Condensate:
ARM vs. MMF and CAM

MMFMMF

C

S. McFarlane et al.



SGP Diurnal Cycle of Cloudiness:
ARM vs. Large-scale Models

ARM NCARARM NCAR

NCEP GFDL

F. Yang
R. McCoy et al.



Three ItemsThree Items…



Climate sensitivity with MMF 
(M. Wyant et al.)

A ‘Cess’ perturbation A ‘Cess’ perturbation 
experiment was performed experiment was performed 
whereby the seawhereby the sea surfacesurface

MMF

Cwhereby the seawhereby the sea--surface surface 
temperature was raised 2K temperature was raised 2K 
Water vapor feedback Water vapor feedback Wate vapo eedbacWate vapo eedbac
confirmedconfirmed
Cloud feedback Cloud feedback 

i i li i lsurprisingly surprisingly 
negativenegative



Improving MMF shallow clouds 
(A Ch l )(A. Cheng et al.)

ARM Shallow Cumulus
Cloud Fraction

3D LES @ 100 m 2D @ 4 km 2D @ 4 km w/ TOC@ @ @

Third-Order Closure



ARM Fello s (F Yang NCEP)ARM Fellows (F. Yang – NCEP)

Direct beam albedo Direct beam albedo 
was underestimated in was underestimated in 
comparison to ARM comparison to ARM co p so oco p so o
datadata
Found that the Found that the 
normalized directnormalized directnormalized direct normalized direct 
albedo could be albedo could be 
parameterized as a parameterized as a 
f ti f thf ti f thfunction of the function of the 
solar zenith angle (SZA) and was independent of solar zenith angle (SZA) and was independent of 
the surface typethe surface typeypyp
Parameterization is currently being incorporated Parameterization is currently being incorporated 
into the GFS modelinto the GFS model



Future WorkFuture Work



‘Simulators’Simulators

Microwave Brightness 
Temperature

Radar Reflectivity

OBS = ACRF observations, BG = background or first guess, 
ANA = analysis or model after data assimilation



Radar Reflectivity: ARM/CloudSat 
vs. MMF (R. Marchand et al.)

MMF @ 35 GHzManus MMCR MMF @ 35 GHzManus MMCR

C
MMF @ 95 GHzCloudSat



Future Work

…Tropical convection……Tropical convection…



The EndThe End





Extra SlidesExtra Slides



CloudSat SimulatorCloudSat Simulator 
(A. Bodas-Salcedo, J. Haynes et al.)

CloudSat Radar 
Reflectivity (dBZ)

UK MetOffice NWP model 
through the lens of a simulator



SGP Cirrus Ice Water Path: 
ARM vs Large scale ModelsARM vs. Large-scale Models

M06 OBS C-CAM3

ECMWF C AM2CECMWF C-AM2

D. Hartsock et al. and the CAPT team



ACRF Observations Climate and Weather Models

A scatter plot of the latent heat flux 
normalized by the net radiation tonormalized by the net radiation to 
soil wetness normalized by its 
variability Models vary widely and do Models vary widely and do 

not match observations wellnot match observations well



Use of ACRF data in Cloud 
R l i M d liResolving Modeling

The international The international 
organization GCSS organization GCSS 
conducts conducts 
intercomparisons ofintercomparisons of

Ob i

intercomparisons of intercomparisons of 
cloud models using a cloud models using a 
case study approachcase study approach

Observations

Observations

This case study, This case study, 
involving mostly noninvolving mostly non--

ModelsModels

ACRF funded scientists,ACRF funded scientists,
used ACRF data to used ACRF data to 
evaluate the diurnalevaluate the diurnal

Evolution of cloud fraction and cloud base height between 
sunrise (11 UTC) and sunset (02 UTC) from the observations 
at the ACRF Oklahoma site and 8 cloud models

evaluate the diurnal evaluate the diurnal 
cycle of shallow cycle of shallow 
cumulus cloudscumulus clouds



Comparison of one- and two-moment bulk 
microphysics parameterization: MPACEmicrophysics parameterization: MPACE

Observations
OneM, TwoM



ARM Shallow Cu Cloud FractionARM Shallow Cu Cloud Fraction 
/Liquid Water

Average from hours 6Average from hours 6--9 (11am9 (11am--2pmLT)2pmLT)



BOMEX Shallow Cu Cloud FractionBOMEX Shallow Cu Cloud Fraction 
/Liquid Water

Average from hours 4Average from hours 4--66



Low- and higher-order turbulence closures: ARM 
BL clouds simulated by CRM and LESBL clouds simulated by CRM and LES

CRM w/ higher-
order closure

LES

CRM w/ low-
order closure

(%)



Low- and higher-order turbulence closures: 
BOMEX BL clouds simulated by CRM and LESBOMEX BL clouds simulated by CRM and LES

CRM w/ higher-
order closure

LES

CRM w/ low-
order closure

(%)


