


Precipitation and latent heating characteristics of the major 
Tropical Western Pacific cloud regimes
Christian Jakob1 (Monash University) and Courtney Schumacher (Texas A&M)

An objective tropical cloud-regime classification based on daytime-averaged cloud top 
pressure and optical thickness information from the International Satellite Cloud 
Climatology Project (ISCCP) is combined with precipitation and latent heating 
characteristics derived from the Tropical Rainfall Measuring Mission (TRMM) Precipitation 
Radar (PR). TRMM precipitation information is stratified into the ISCCP regimes in the 
Tropical Western Pacific (TWP), revealing three major precipitation regimes. These are: a 
heavy (12 mm/day) precipitation regime dominated by stratiform precipitation and top-
heavy latent heating, a regime with moderate (5 mm/day) precipitation amounts mostly 
convective in nature with more mid-level latent heating and a low (2 mm/day) precipitation 
regime with a relatively large rain contribution from shallow convection compared to the 
other regimes. While three of the ISCCP cloud regimes are linked to the more convective, 
moderate precipitation regime, only one of the cloud regimes is associated with the more 
stratiform, top-heavy latent heating regime. This opens avenues for the further study of this 
dynamically important tropical weather state. 

In terms of the TWP, precipitation and latent heating are dominated by the relatively 
infrequent (15 %) occurrence of the strongly precipitating, top-heavy latent heating state 
and by the frequent (> 30 %) occurrence of one of the more moderately precipitating, 
convective states. The low precipitation/shallow cumulus regime occurs often (i.e., 25 % of 
the time), but does not contribute strongly to the overall precipitation and latent heating. 
Each of these regimes also show distinct geographical patterns in the TWP, thus providing 
insight on the distribution of convective and stratiform rain across the tropics. The potential 
application of the findings of this work for studying the interaction of convection with the 
large-scale tropical circulation will be discussed.
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New views on vertical mass transport by cumulus convection 
 
Harm Jonker, Thijs Heus and Peter Sullivan 
Technical University  Delft , The Netherlands 
 
Poster nr. 62:  Tuesday June 3 
 
We show that the traditional view of transport by shallow cumulus clouds needs important 
refinement. On the basis of a straightforward geometrical analysis of Large Eddy Simulation 
results of shallow cumulus clouds, we conclude: 1) that the upward mass transport by clouds 
is strongly dominated by regions close to the edge of clouds rather than by the core region of 
clouds; and 2) that the downward mass transport is dominated by processes just outside the 
cloud. The latter finding contradicts the accepted view of a uniformly descending dry 
environment. We therefore advocate a refined view which distinguishes between the near-
cloud environment and the distant environment. The near-cloud environment is characterized 
by coherent descending motions, whereas the distant environment is rather quiescent and 
plays no significant role in vertical transport. 
 
We discuss the relevance of the refined view for two areas: dispersion of atmospheric 
compounds in a cumulus field and cloud lateral entrainment. It is predicted that a tracer gas 
released in the distant environment will hardly diffuse and may stay their for a very long time. 
With regard to lateral entrainment we stress that the air being entrained is near-cloud 
environmental air, the properties of which differ significantly from the properties of the distant 
environmental air, i.e. the mixed air is preconditioned. One could imagine that cloud-mixing 
parameterizations might be improved by taking this effect into account. As a first step to 
assess this issue we show the results of an extended version of the Asai and Kashara (1967) 
model, in which three layers are incorporated: cloud, near-cloud environment, distant 
environment. 
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Prediction of cirrus clouds in General Circulation Models 
 
Bernd Kärcher and Ulrike Burkhardt 
 
 
Poster nr. 63:  Tuesday June 3 
 
A statistical cloud scheme for non-convective cirrus formed by homogeneous freezing 
of supercooled aerosols is presented. As large-scale cirrus clouds exhibit long-lasting, 
metastable thermodynamic states and have long lifetimes, a fully prognostic approach 
is developed. The scheme is based on separate probability distribution functions of total 
water representing clear-sky and in-cloud conditions. These distributions are based on 
{\it in-situ} observations and have few degrees of freedom so that they can be used 
forecast and climate models. Predictive equations are derived for horizontal cloud 
fraction and mixing ratios of grid-mean water vapour and ice water, in-cloud water 
vapour and ice crystal number. The scheme allows 
sub- and supersaturations with respect to ice to occur in cloud-free air and inside cirrus, 
and produces ice crystal concentrations and sizes in good agreement with 
observations, an important prerequisite for an improved treatment of cirrus cloud 
radiative properties. Open issues and future research avenues are discussed. 
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Probability Distribution Functions of Liquid Water Path Associated with Marine 

Low Cloud: Geographical and Temporal Variabilities and Controlling 

Meteorological Factors 

 
 

Hideaki Kawai and Masao Kanamitsu 
Scripps Institution of Oceanography 
University of California, San Diego 

 
Poster nr. 64:  Tuesday June 3 
 
    Probability distribution functions (PDFs) of liquid water path of marine low cloud over 
the eastern Pacific are obtained using geostationary satellite visible data, the main 
purpose being to improve low cloud parameterization for large scale models.  The PDFs 
are calculated over an area of about 200km x 200km, which corresponds to a typical 
climate model grid size.  A high time-interval (30 minutes) and high spatial resolution 
(1km) of the observation covering large areas provided us with fascinating details of the 
PDFs from diurnal to seasonal time scales.  A shortcoming of the data is that it is 
available only during the daytime. The PDFs along the GPCI (GCSS Pacific Cross-
Section Intercomparison)-line, an east-west line at 20S, and a north-south line at 90W 
off Peru, during the year 1999-2001 are analyzed.  These areas are characterized by 
solid stratocumulus, breakup stratocumulus and shallow convections.   
   The ECMWF reanalysis is used to identify the large scale meteorological parameters 
responsible for changes in the moments of the PDF, which include skewness and 
kurtosis.  We found that the parameter which estimates the strength of the mixing at the 
top of the inversion layer made a large contribution to the character of the PDF.  
Moreover, a mathematical form of the PDF was estimated from the observation and 
compared with the PDFs conventionally used in PDF-based cloud parameterizations.  
This study allowed us to provide a more general form of PDF which varies with large-
scale meteorological parameters.  We also estimated the impact of the use of the 
observed PDF on the cloud-water to precipitation conversion rate, as well as a rough 
estimate of the error generated by the plane parallel homogeneous assumption of cloud 
water in radiation schemes. 
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Arctic cloud, circulation, and sea ice during 2007 and beyond 

 
Jennifer Kay, 
Andrew Gettelman 
Kevin Reader 
Tristan L'Ecuyer 
Graeme Stephens 
 

 
Poster nr. 65:  Tuesday June 3 

 
The loss of summertime Arctic sea ice extent is one of the most visible  
manifestations of climate change.  Yet understanding, observing, and  
modeling the physics of the natural and anthropogenic forcings that are  
contributing to sea ice loss remains a daunting task.   
 
Our work examines the connections between observed sea ice changes and  
atmospheric circulation and cloud patterns using A-train satellites  
(CloudSat, CALIOP, AIRS), the NCEP reanalysis, and ground-based  
observations from the Atmospheric Radiation Measurement (ARM) site at  
Barrow, Alaska.  During the record-breaking 2007 sea ice loss, we have  
found that cloud reductions and shortwave radiation increases contributed  
to observed sea ice melt and surface ocean warming (Kay et al. (in  
press)).   Longer-term observations show that the 2007 cloudiness and  
circulation pattern are anomalous in the recent past, but are not  
unprecedented.  Thus, we conclude that in a warmer world with thinner ice,  
natural summertime circulation and cloud variability is an increasingly  
important control on sea ice extent minima.   
 
We are now assessing if uncharted cloud-ice-circulation feedbacks were  
present during the 2007 ice loss.  We are also estimating the magnitude of  
thermodynamic sea ice forcings during the 2007-2008 re-freeze.  Finally,  
using NCARs community atmosphere model (CAM), we are evaluating the  
representation of atmospheric forcings on sea ice in a state-of-the-art  
climate model.  In particular, we are using CAM in a data assimilation  
facility (DART) to compare model-predicted clouds and radiative fluxes  
during 2006 and 2007 with observations from the A-train satellites and the  
Barrow ARM site.  Our findings are providing new insights into both the  
relative importance of thermodynamic and dynamic controls on sea ice loss,  
and Arctic cloud-ice-circulation feedbacks. 
 
 
Corresponding author: 
------------------------------ 
Jennifer E. Kay 
NCAR/CGD 
PO Box 3000 
Boulder, CO 80307-3000 
ph: 303.497.1730 
fax: 303.497.1324 
e-mail: jenkay@ucar.edu 
web: http://www.cgd.ucar.edu/cms/jenkay/ 
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Microwave Radiometer Intercomparison. 

AM Kerr-Munslow, JD Price and F Davies. 

 
UK Met Office Research Unit, Cardington Airfield, Beds., MK42 0SY, UK 

 
 
Poster nr. 66:  Tuesday June 3 
 

Abstract 
 
A comparison of the behaviour and retrievals of three microwave radiometers is 
presented.  The three radiometers were Radiometrics WVR1100, Radiometrics MP3000 
and Radiometer Physics HATPRO.  Brightness temperatures within the water vapour 
line at 23.8GHz and outside at 31.4 or 30 GHz are compared, as well as retrievals of 
water vapour and liquid water paths.  Two of the radiometers use neural network 
retrievals to estimate these, and the third uses a bi-linear regression made against 
independently observed liquid water paths.  The radiometers were deployed at the UK 
Met Office Research Unit in Bedfordshire, UK, during March and April 2007.  During 
this period, a variety of conditions were observed including clear skies, fog stratus, 
stratocumulus and convective cloudy conditions.  The results provide an insight into the 
relative accuracies between the instruments and their retrievals. 
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A computational study of proposed amelioration of global climate warming by 

controlled enhancement of droplet concentrations in marine stratocumulus 

clouds 
 
 
Laura Kettles1*, Alan Gadian1, John Latham2 and Alan Blyth1 

 

1 School of Earth and Environment, University of Leeds, Leeds, UK 
2 MMM Division, NCAR, Boulder, Colorado, USA 
* Corresponding author:  l.kettles@see.leeds.ac.uk 
 
Poster nr. 66:  Tuesday June 3 
 
Abstract: 
 
Marine stratocumulus clouds are of particular interest with regard to climate change, 
due  
to their widespread cover (about one third of the oceanic surface) and relatively high  
albedos. It has been suggested (Latham, 1990, 2002; Bower et al., 2006) that it may be 
possible to ameliorate the effects of global warming by deliberately enhancing the 
droplet number concentrations (N) in these marine stratocumuli. This can be done 
through the addition of cloud condensation nuclei (CCN) in the form of sea-salt aerosol 
derived from the ocean below, which leads to increased cloud albedo (Twomey, 1977) 
and longevity (Albrecht, 1989) via the first and second indirect effects. This could 
ultimately result in a significant negative radiative forcing and associated cooling of the 
Earth's climate. 
 
Results will be presented from a computational study in which droplet concentrations in 
marine stratocumuli are enhanced, in order to assess how much global cooling could be 
achieved. This involves the use of both a global climate model to investigate changes in 
the global radiation balance and a cloud resolving model to examine the sensitivity of 
the stratocumulus cloud microphysics. 
 
The global climate model used is HadGAM (the atmospheric component of the Met 
Office Unified Model) in which N has been increased in all regions of low-level cloud 
(not just marine stratocumuli). The effects on cloud droplet effective radius and liquid 
water path will be presented for different values of N, along with computations of the 
global annual mean radiative forcing. 
 
Details will also be given of how the cloud resolving model, the Met Office Large Eddy  
Model, is to be used to examine the microphysical and radiational effects of altering 
CCN  size and number concentrations in warm stratocumuli. 
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Intercomparison of model simulations of mixed-phase clouds observed during the ARM 

Mixed-Phase Arctic Cloud Experiment. Part I: Single layer cloud 

 
Stephen A. Klein, 1Lawrence Livermore National Laboratory, Livermore, CA, USA 
 
*Full author list*: Stephen A. Klein1, Renata McCoy1, Hugh Morrison2, Andy Ackerman3, Alexander 
Avramov4, Gijs deBoer5, Mingxuan Chen6, Jason Cole7, Anthony DelGenio3, Michael Falk8, Mike 
Foster9, Ann Fridlind3, Jean-Christophe Golaz10, Tempei Hashino5, Jerry Harrington4, Corinna 
Hoose11, Marat Khairoutdinov12, Vincent Larson8, Xiaohong Liu13, Yali Luo14, Greg 
McFarquhar15, Surabi Menon16, Roel Neggers17, Sungsu Park18, Michael Poellot19, Knut von 
Salzen20, Jerome M. Schmidt21, Igor Sednev16, Ben Shipway22, Matthew Shupe23, Doug 
Spangenberg24, Yogesh Sud25, David Turner5, Dana Veron26, Gregory Walker27, Zhien Wang27, 
Audrey Wolf3, Shaocheng Xie1, Kuan-Man Xu24, Fanglin Yang28, and Gong Zhang15 
 
*Author Affiliations*: 
1Lawrence Livermore National Laboratory, Livermore, CA, USA 
2National Center for Atmospheric Research, Boulder, CO, USA 
3NASA Goddard Institute for Space Studies, New York, NY, USA 
4The Pennsylvania State University, University Park, PA, USA 
5University of Wisconsin \u2013 Madison, Madison, WI, USA 
6Colorado State University, Fort Collins, CO, USA 
7Science and Technology Branch, Environment Canada, Ottawa, Canada 
8University of Wisconsin \u2013 Milwaukee, Milwaukee, WI, USA 
9Rutgers University, New Brunswick, NJ, USA 
10NOAA Geophysical Fluid Dynamics Laboratory, Princeton, NJ, USA 
11ETH Zurich, Institute for Atmospheric and Climate Science, Zurich, Switzerland 
12State University of New York at Stony Brook, Stony Brook, NY, USA 
13Pacific Northwest National Laboratory, Richland, WA, USA 
14Chinese Academy of Meteorological Sciences, Beijing, China 
15University of Illinois, Urbana, IL, USA 
16Lawrence Berkeley National Laboratory, Berkeley, CA, USA 
17KNMI, Utrecht, Netherlands 
18University of Washington, Seattle, WA, USA 
19University of North Dakota, Grand Forks, North Dakota, USA 
20Canadian Center for Climate, Vancouver, British Columbia, Canada 
21Navy Research Laboratory, Monterey, CA, USA 
22UK Met Office, Exeter, United Kingdom 
23Cooperative Institute for Research in Environmental Sciences, University of Colorado / NOAA, 
Boulder, CO, USA 
24NASA Langley Research Center, Hampton, VA, USA 
25NASA Goddard Space Flight Center, Greenbelt, MD, USA 
26University of Delaware, Newark, DE, USA 
27University of Wyoming, Laramie, WY, USA 
28National Centers for Environmental Prediction, Camp Springs, MD, USA 
 

 
Poster nr. 68:  Tuesday June 3 
 
 

 
*Abstract*: Results are presented from an intercomparison of single-column and cloud-resolving 
model simulations of a cold-air outbreak mixed-phase stratocumulus cloud observed during the ARM 
Mixed-Phase Arctic Cloud Experiment. The observed cloud occurred in a well-mixed boundary layer 
with a cloud top temperature of \u201315°C. While the cloud was water dominated, ice precipitation 
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appears to have lowered the liquid water path to about 2/3 of the adiabatic value. The simulations, 
which were performed by seventeen single-column and nine cloud-resolving models, generally 
underestimate the liquid water path with the median single-column and cloud-resolving model liquid 
water path a factor of 3 smaller than observed. There is some evidence that the liquid and ice water 
paths in models with more sophisticated microphysics are in better agreement with the observed 
values, although considerable scatter is also present. While the simulated ice water path is in 
general agreement with the observed values, results from a sensitivity study in which models 
removed ice microphysics indicate that in many models the interaction between liquid and ice phase 
microphysics is responsible for the strong model underestimate of liquid water path. Although no 
single factor guarantees a good simulation, these results emphasize the need for care in the model 
treatment of mixed-phase microphysics. This case study, which has been well observed from both 
aircraft and ground-based remote sensors, could be a benchmark for model simulations of mixed-
phase clouds. 
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    Single column reanalysis - a new GPCI project? 
 
                    Martin Köhler  ECMWF UK 
 
 
Poster nr. 69:  Tuesday June 3 
 
 
The GCSS Pacific Cross-Section Intercomparison Project (GPCI) has produced a large 
set of GCM model data including a few simulations with qualitatively realist tropical 
cloud distributions.  Here we explore the potential benefits to run a set of single column 
models 
(SCMs) and/or cloud resolving models (CRMs) on the 13 GPCI points.  For that 
purpose SCM forcing data is prepared using the currently running ERA interim 
reanalysis for the years 1990, 1998, 2003.  Interestingly, this reanalysis matches 
qualitatively the intriguing multi-annual variability in tropical cloud cover seen in ISCCP 
data.  At its best, this proposed SCM-GPCI project could allow for direct model physics 
comparison to CRM, ERA and observational data.  This approach will be demonstrated 
using the latest ECMWF upgrades to stratocumulus, shallow cumulus and deep 
convection parameterizations.  Special attention could be put to evaluating the model 
response to forcing with diurnal to inter-annual time scales. 
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 Impact of SST on the Moist Processes Simulation in the JMA High-Resolution 
Global NWP Model for a Tropical Cyclone  
 
Author: Takuya Komori (Numerical Prediction Division, Japan Meteorological Agency) 
 
Poster nr. 70:  Tuesday June 3 
 
Abstract: 
Modeling cloud and convection play important roles in global numerical weather 

prediction (NWP).  This study aims to investigate the forecast performance in moist 
processes for tropical cyclones (TCs) and to find future issues to address in the global 
NWP model of the Japan Meteorological Agency (JMA). 
Under the KAKUSHIN project (funded by the Japanese Ministry of Education, Culture, 

Sports, Science and Technology), JMA has been developing a new Global Spectral 
Model (GSM) with a high horizontal resolution of about 20km and 60 vertical layers 
(hereafter called “20km GSM”). The 20km GSM is utilized to evaluate severe weather 
events in future climate and has been operational since November 2007. 
It is widely considered that the spatial resolution of NWP models play an important 

role especially for forecasting severe weather events such as TCs.  Additionally, moist 
processes in the NWP models play important roles for TC horizontal and vertical 
structure.  Accurate TC horizontal and vertical structure, especially in a rapidly 
developing stage, can give good indications of global NWP models to verify 
effectiveness and find future issues to tackle.   
To understand which moist process is more effective in the intensification of TC, 

sensitivity experiments were conducted with both simplified and daily analyzed Sea 
Surface Temperatures (SST).  In the former simplified SST experiment, SST anomalies 
at the initial time are assumed to persist during the total forecast period.  On the other 
hand, the latter analyzed SST with 0.25 degree grid resolution, provided by JMA once a 
day in near real time, are called “Merged satellite and in situ data Global Daily Sea 
Surface Temperatures (MGDSST)”. 
The preliminary results on a Pacific TC case in rapid intensification suggest that the 

balance between convective and large-scale rains is important to maintain the TC 
structure.  Further results of other TC cases, and also the impact of the modifications to 
the parameterizations will be evaluated and discussed. 
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GCSS Precipitating Shallow Cumulus Case: Comparison to RICO Aircraft 

Observations 

 
Peter Bogenschutz, Steven Krueger  (University of Utah, Utah. USA) 
Brad Baker, Hermann Gerber 
 
 
Poster nr. 72:  Tuesday June 3 
 
 

 
We compared LES (large eddy simulation) of the GCSS Precipitating Shallow Cumulus 
Case based on RICO (Rain in Cumulus over the Ocean) observations to cloud 
properties measured by aircraft during one RICO flight. We ran the LES at the standard 
resolution (100-m horizontal grid size) as well at higher resolution (20-m and 10-m 
horizontal grid sizes) for short periods, and examined the impact of increased 
resolution. 
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Modeling the impact of entrainment and mixing on droplet spectra 

 
by Steve Krueger,    University of Utah 
steve.krueger@utah.edu 
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The EMPM (Explicit Mixing Parcel Model) predicts the evolving in-cloud variability due 
to entrainment and finite-rate turbulent mixing using a 1D representation of a rising 
cloudy parcel. The 1D formulation allows the model to resolve fine-scale variability 
down to the smallest turbulent scales (about 1 mm) in a domain 100 m or larger in 
length. The EMPM calculates the growth of thousands of individual cloud droplets 
based on each dropletÕs local environment.  
 
Our analyses of EMPM results address two fundamental difficulties that the large-eddy 
simulation (LES) approach faces when attempting to represent the effects of 
entrainment and mixing on droplet microphysics. One is representing the subgrid-scale 
(SGS) variability of subsaturation and its impact on droplet size distribution (DSD) 
evolution. Another is accounting for the finite rate of SGS mixing and therefore of 
droplet evaporation. EMPM results show that the evolution of the DSD due to a single 
isobaric entrainment and mixing event depends on the ratio of the grid size to the 
entrained blob size. We have also used the EMPM to quantify the dependence of the 
relative humidity time scale on droplet evaporation, turbulent mixing, and droplet 
sedimentation time scales. These EMPM results can be used as benchmarks for 
evaluating LES models. 
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Improving the representation of SGS turbulence and clouds in 

coarse-grid CRMs 

 
by Steve Krueger and Pete Bogenschutz  
 
University of Utah 
steve.krueger@utah.edu 
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Large-domain coarse-resolution CRMs (with horizontal grid sizes greater than 1 km) are 
increasingly being used in regional and global models to resolve deep precipitating 
cumulus convection instead of parameterizing it. However, such CRMs typically do not 
adequately represent boundary layer turbulence or shallow boundary layer clouds. 
Several approaches have been suggested to improve the representation of subgrid-
scale (SGS) clouds and turbulence, including assumed-PDF methods, SGS plume 
models, and even embedding a high resolution but small domain 2D eddy-resolving 
model. In each of these methods, there are trade-offs between increasing the resolution 
of the host CRM and increasing the complexity of the subgrid-scale model. 
 
The approach we are exploring is the assumed-PDF (probability density function) 
method, informally in collaboration with Vince Larson (University of Wisconsin at 
Madison). In this approach, the general form of a joint PDF for the SGS fluctuations of 
vertical velocity, liquid water potential temperature, and total water is assumed. The 
actual PDF is determined by several moments. The moments are estimated by 
prognostic and/or diagnostic moment equations. When equations for the second and 
third moment are used, this approach is also known as higher-order turbulence closure. 
 
Larson et al. (2002) and Golaz et al. (2002a,b) described and tested a 1D cloudy 
boundary layer model based on the assumed-PDF approach that uses a double 
Gaussian joint PDF. Is their approach suitable for coarse-grid simulations of deep moist 
convection? 
 
Larson and Golaz developed and tested their approach for boundary layer clouds using 
large-eddy simulations with domain sizes of 6 km by 6 km. For deep moist convection, 
a much larger domain is necessary in order to simulate the mesoscale cloud clusters, 
while at the same time, the horizontal grid size must still be appropriate for LES (about 
100 m), and the simulation must be 3D (Bryan et al. 2003). 
 
We are using the System for Atmospheric Modeling (SAM; Khairoutdinov and Randall 
2003) to conduct several large-domain large-eddy simulations of deep moist 
convection. We are analyzing statistics collected during the simulations in order to 
determine the optimum combination of CRM resolution and complexity of the SGS 
model. 
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The results suggest that high-resolution LES (5-m vertical and 6-m horizontal grid 
sizes) is able to resolve many aspects of the entrainment process in DYCOMS-II 
stratocumulus clouds, including cloud ÒholesÓ. In particular, the LES results agree 
with DYCOMS-II aircraft observations that showed the average buoyancy in cloud holes 
relative to the surrounding cloudy region is close to zero, even though the average 
vertical velocity in the holes is negative (Gerber et al. 2005). 
 
The average size of the cloud holes in the LES (80 m) is much larger than observed (5 
m). This indicates that LES with a horizontal grid size of 6 m still does not resolve many 
aspects of the entrainment process. By comparing high-resolution results to ones at the 
ÒstandardÓ horizontal grid size of 50 m, we identified some impacts of using a 50-m 
horizontal grid size. An obvious one is poor resolution of cloud holes. Another is 
creation of excess negative buoyancy near cloud top by implicit mixing. 
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 Abstract: 
  
 Large Eddy Simulations(LES) of Stratocumulus-Topped Boundary Layer 
 (STBL) were performed in order to study details of entrainment/mixing  
 process in non precipitating marine Stratocumulus clouds. Setup of the  
 numerical experiment was based on RF-01 case of DYCOMS-II experiment  
 widely described in the literature. 
  
 In order to characterize intense turbulent, rotational flow we  
 investigate model-resolved enstrophy within and above STBL. We focus  
 on the stability of the flow in the cloud-top region with use of local  
 gradient Richardson number at the surface of maximum static stability  
 (maximum temperature gradient) and at the surface of material top of  
 STBL defined as jump of total water under a threshold of 8g/kg. 
 Despite strong static stability at the cloud top, updrafts impinging  
 into inversion and diverging under it result in shear strong enough to  
 produces turbulence, which is demonstrated by values of Ri exceeding  
 critical one. Resulting turbulent mixing is responsible for  
 entrainment of the free-tropospheric air. Some of mixed parcels, those  
 with mixing proportion of wet, cloudy air and dry free-tropospheric  
 air resulting in negative buoyancy, form “cloud holes” - trenches of  
 descending cloud-free air surrounding areas of updraft. 
  
Evolution of free-tropospheric air entrained into STBL is later  
 analyzed with use of passive scalar, introduced after three hours of  
 simulation (i.e. for a quasi-steady state) above the layer of maximum  
 stability. We observe that concentration of this scalar (which is an  
 indicator of fraction of entrained FT air within a mixture) in  
 downdrafts agrees with the proportion of mixing at the cloud top which  
 results in buoyancy reversal. Negatively buoyant air, sinking through  
 dry cloud holes, is wrapped around the edge of cloudy regions and  
 partially recirculated into the cloud. This results in local increase  
 of cloud base height around cloud holes. Rest of this negatively buoyant air sinks down 
STBL. 
 Conditional sampling performed 20 min, 1 and 3 hours after  
 introduction of passive scalar demonstrates the temporal evolution of  
 entrained free-atmospheric air across STBL. 
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There has been a significant increase in aerosol concentrations with industrialization. 
Aerosols are known to increase cloud albedo (first aerosol indirect effect) and possibly 
suppress precipitation and alter cloud lifetimes (second aerosol indirect effect). Aerosol 
indirect effects are uncertain; the uncertainty in the radiative forcing associated with 
aerosol indirect effects are as large as the radiative forcing associated with the 
anthropogenic increase in green house gases. Recent studies show that the aerosol 
effects on clouds vary with environmental conditions, thus, the changes in cloud 
properties due to increasing aerosols depend on environmental conditions. Most 
aerosol studies using GCMs have relied on parameterizations which do not consider 
the links between environmental conditions and aerosol effects in a physically realistic 
way. This contributes to the uncertainty in the radiative forcing by aerosol indirect 
effects. In an effort to reduce these uncertainties, this study aims to examine the 
mechanisms leading to the different reactions of clouds to aerosol changes and, 
thereby, quantify the relation between aerosol effects and environment using a cloud-
resolving model. The quantified relations will enable us to develop a more realistic 
parameterization of aerosol-cloud interactions. This study focuses on low-level 
stratiform clouds, which play an important role in the global radiation budget over the 
North Atlantic where significant increases of anthropogenic aerosols are observed. 
Observed stratiform clouds under a variety of environmental conditions are simulated. 
Environmental conditions are classified by five factors: relative humidity and large-scale 
vertical velocity at the top of boundary layer, surface sensible and latent heat fluxes, 
and CAPE. These are known to control the aerosol effects on low-level stratiform 
clouds. The dependence of aerosol effects on each of the five factors is isolated to 
establish the relation between each of the factors and aerosol effects. The isolation is 
carried out by selecting areas where a factor of interest varies widely whereas the other 
factors show negligible variations. The effects of increasing aerosols are examined by 
conducting present-day and pre-industrial aerosol simulations for each selected area.  
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Good representation of shallow convection and boundary layer mixing is one of the 
major issues of parameterisations improvement in GCM, because of their key role in 
radiative and hydrologic budgets. Physics of climate models Arpege (Meteo 
France/CNRM) and LMDz (IPSL/LMD) have been modified since their last participation 
to IPCC/AR4 runs. 
Concerning Arpege climate model, we’ve passed from a “standard diagnostic” physics 
used for AR4 runs to a new prognostic physics, with modifications in the following 
schemes: turbulence, microphysics, deep and shallow convection and top layer 
entrainment. 
Concerning LMDz, AR4 simulations have been done with boundary layer turbulence 
represented by Louis/Laval scheme and deep convection with Emanuel scheme. Now, 
a new parameterization of convective boundary layer is available using mass flux 
scheme taking into account thermal plume (Hourdin & al, 2002) coupled with a cloud 
scheme (Bony & al, 2001) and prognostic turbulence scheme developed by Mellor & 
Yamada. Thermal plume model have been first developed for a dry boundary layer and 
then adapted to cloudy situation adding condensation in the updraught and mixing 
between thermal plume and its environment (Rio & al, 2008). 
Since the end of 2003, Meteo France and IPSL - in order to improve the 
parameterizations of their models- decided to cooperate on a common parameterization 
library usable in both models. The first step of this project was to add, in the 1D Arpege 
Climate model, the entire LMDz physics so we can choose to run one or the other 
physics with the same initial conditions and forcings. 
In that environment, we’ll present results from 3 GCSS 1D cases: Bomex (trade wind 
cumulus), ARM (continental cumulus with diurnal cycle) and RICO (precipitating 
cumulus) and show improvements due to the new physics.
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It is commonly anticipated that changes in precipitation extremes under CO2 warming are  
constrained by changes in atmospheric precipitable water amounts. Since global climate 
models generally predict only marginal changes in relative humidity, the actual precipitable 
water scales with the saturation water vapor content.  The latter is governed by the Clausius-
Clapeyron (hereafter CC) relation, implying an increase of approximately +7% per degree 
global warming. Indeed, evidence from global climate models exists that changes in daily 
precipitation  extremes scale closely to the CC-relation. However, it is uncertain how general 
this  scaling behavior is. Here we show that the dependency of precipitation intensity on 
temperature may  significantly exceed the CC relation on small time and spatial scales.  In 
observations of 1-hour precipitation intensities at De Bilt (The Netherlands) two times the CC 
relation for daily temperatures above 12 oC is derived from the daily variations.  The KNMI  
high resolution regional climate model (RACMO2) only reproduces this dependency for the 
strongest events occurring  at temperatures below 20 oC; otherwise the increase in intensity 
with temperature is strongly underestimated.  For  extreme 1-hour precipitation intensities the 
climate response between a control  period (1971-2000) and a future period (2071-2100) 
also shows an increase exceeding the CC relation by a approximately a factor two in large 
parts of Europe.  Summarizing, this work shows that 1) the CC relation can be exceeded for 
strong short precipitation events, 2) modeled intensities show deficiencies in representing 
this dependency, 3) a strong hint that dependencies derived from  daily variations are a good 
predictor of the climate change response.  In this talk I will also briefly discus possible 
implications of these results concerning cloud dynamics, parameterization issues, and the 
potential of using these precipitation intensity relations as a metric of the quality of climate 
models. 
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Large-eddy simulations are performed of cumulus clouds over a marine 
surface.  Aspects of the simulations are varied in order to identify 
those parameters that play a role in determining under what 
circumstances the cumulus clouds spread out under the capping 
inversion into stratocumulus.  These properties include the strength 
of the surface forcing, which then also affects the strength of the 
cumulus mass transport, the strength of the capping inversion, the 
moisture content of the free atmosphere, the strength of cloud-top  
radiative cooling and whether the clouds are allowed to precipitate. 
Tests are also performed to evaluate the sensitivity to model resolution.   
 
As in the ATEX intercomparison, having sufficient resolution at the capping  
inversion is found to be important for accurate simulation of any  
stratiform cloud that forms there.  In addition, though, many of the 
properties investigated are also found to play a role in determining  
the cloud cover.  However, a simple rule emerges from the LES that 
delineates nicely the circumstances under which the cumulus clouds 
spread into stratocumulus.  Single column model tests are used to 
investigate the ability of the Met Office Unified Model to reproduce 
this sensitivity. 
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There are some in the science community who believe that the response of the climate 

system to anthropogenic radiative forcing is unpredictable and we should therefore “call off 

the quest”. The key limitation in climate predictability is associated with cloud feedback. 

Narrowing the uncertainty in cloud feedback (and therefore climate sensitivity) requires 

optimal use of the best available observations to evaluate and improve climate model 

processes and constrain climate model simulations over longer time scales.  

The Clouds and the Earth’s Radiant Energy System (CERES) is a satellite-based 

program that provides global cloud, aerosol and radiative flux observations for improving our 

understanding of cloud-aerosol-radiation feedbacks in the Earth’s climate system. CERES is 

the successor to the Earth Radiation Budget Experiment (ERBE), which has widely been used 

to evaluate climate models both at short time scales (e.g., process studies) and at decadal time 

scales.  A CERES instrument flew on the TRMM satellite and captured the dramatic 1998 El 

Nino, and four other CERES instruments are currently flying aboard the Terra and Aqua 

platforms. Plans are underway to fly the remaining copy of CERES on the upcoming NPP 

spacecraft (mid-2010 launch date). 

Every aspect of CERES represents a significant improvement over ERBE. While both 

CERES and ERBE measure broadband radiation, CERES calibration is a factor of 2 better 

than ERBE. In order to improve the characterization of clouds and aerosols within a CERES 

footprint, we use coincident higher-resolution imager observations (VIRS, MODIS or VIIRS) 

to provide a consistent cloud-aerosol-radiation dataset at climate accuracy.  Improved 

radiative fluxes are obtained by using new CERES-derived Angular Distribution Models 

(ADMs) for converting measured radiances to fluxes. CERES radiative fluxes are a factor of 

2 more accurate than ERBE overall, but the improvement by cloud type and at high latitudes 

can be as high as a factor of 5. Diurnal cycles are explicitly resolved by merging 

geostationary satellite observations with CERES and MODIS. Atmospheric state data are 

provided from a frozen version of the Global Modeling and Assimilation Office-Data 

Assimilation System at the NASA Goddard Space Flight Center. In addition to improving the 

accuracy of top-of-atmosphere (TOA) radiative fluxes, CERES also produces radiative fluxes 

at the surface and at several levels in the atmosphere using radiative transfer modeling, 

constrained at the TOA by CERES (ERBE was limited to the TOA). In all, CERES uses 11 

instruments on 7 spacecraft all integrated to obtain climate accuracy in TOA to surface fluxes. 

This presentation will provide an overview of several new CERES datasets of interest 

to the climate community (including a new adjusted TOA flux dataset constrained by 

estimates of heat storage in the Earth system), show direct comparisons between CERES ad 

ERBE, and provide a detailed error analysis of CERES fluxes at various time and space 

scales. We discuss how observations can be used to reduce uncertainties in cloud feedback 

and climate sensitivity and strongly argue why we should NOT “call off the quest”. 
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Aerosols affect the climate system by changing cloud characteristics in many ways. 
They act as cloud condensation and ice nuclei and may have an influence on the 
hydrological cycle. Here we investigate aerosol effects on convective clouds by 
extending the double-moment cloud microphysics scheme developed for stratiform 
clouds to convective clouds in the 
ECHAM5 general circulation 
model. This reduces the sensitivity of the liquid water path increase with increasing 
aerosol optical depth in better agreement with observations and large-eddy simulation 
studies. In simulations in which greenhouse gases and aerosols emissions are 
increased since pre-industrial times, accounting for microphysics in convective clouds 
results in a geographical distribution of the changes in precipitation that better matches 
the observed increase in precipitation. The total anthropogenic aerosol effect on the 
top-of-the-atmosphere net radiation since pre- industrial times is slightly reduced from -
1.6 to -1.9 W m−2 when microphysics are only included in stratiform clouds to -1.5 
Wm−2 when microphysics are included both in stratiform and convective clouds. 
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 ABSTRACT 
  
 A cloud-resolving model (CRM) is used to simulate the multiple-layer mixed-phase 
stratiform (MPS) clouds that occurred during a three-and-a-half day subperiod of the 
Department of Energy-Atmospheric Radiation Measurement Program’s Mixed-Phase 
Arctic Cloud Experiment (M-PACE) and to examine physical processes responsible for 
multi-layer production and evolution. The CRM with a two-moment cloud microphysics 
is initialized with concurrent meteorological, aerosol, and ice nucleus measurements 
and is driven by time-varying large-scale advective tendencies of temperature and 
moisture and surface sensible and latent heat fluxes. 
  
 The CRM reproduces the dominant occurrences of the single- and double-layer MPS 
clouds as revealed by the M-PACE observations although the simulated first cloud layer 
is lower and the second cloud layer is thicker compared to observations. The aircraft 
measurements suggest that the CRM qualitatively captures the major characteristics in 
the vertical distribution and interperiod variation of liquid water content (LWC), droplet 
number concentration, total ice water content (IWC) and ice crystal number 
concentration (nis). However, the magnitude of LWC is overestimated and those of IWC 
and nis are underestimated. In particular, the simulated nis is one order of magnitude 
smaller than the observed. 
  
Sensitivity experiments suggest that both the surface fluxes and large-scale advection 
control the formation of the lower cloud layer while the large-scale advection initiates 
the formation of the upper cloud layer but the maintenance of multi-layer structures 
relies on the longwave (LW) radiative effect. The LW cooling near cloud top produces a 
more saturated environment and a stronger dynamical circulation while cloud-base 
radiative warming of the upper layer creates the stability gap between the two cloud 
layers. Both cloud layers are sensitive to ice-forming nuclei number concentration since 
ice-phase microphysics provides a strong sink of cloud liquid water mass.  
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Over the last few years a new type of global climate model (GCM) has emerged in 
which a two-dimensional or small three-dimensional cloud-resolving model (CRM) is 
embedded into each grid cell of a GCM.   This new approach is frequently called a 
Multiscale Modeling Framework (MMF), but is also known as a cloud-resolving 
convection parameterization or a superparameterization (Grabowski 2001, Randall et 
al. 2003).  The embedded CRM removes the need for most of the cloud 
parameterizations used in traditional GCMs.   However because of the large 
computational burden associated with this approach, CRMs in the MMF have been run 
using an undesirably coarse grid.   For example, MMF simulations by Khairoutdinov and 
Randal (2005), Ovtchinnikov et al. (2006), and Marchand et al (2008) used the System 
for Atmospheric Measurements (SAM) Cloud Resolving Model with 24 vertical levels 
(on a stretched grid) and with a horizontal resolution of 4 km. 
 
Using the GCSS DYCOMS RF01 and LBA test cases, we show that simulations using 
SAM with this 24 level vertical grid perform poorly compared with simulations using 
much higher vertical resolution.   In the LBA case, which features the formation of 
shallow convective clouds and the transition from shallow to deep precipitating 
convection, we find that increasing the vertical grid such that there is 100 m resolution 
in the boundary layer (and 50 levels in total) captures the timing and strength of the 
transition from shallow to deep convection reasonably well when compared with 
simulations using 25 m resolution in the boundary layer (and 375 levels in total).   
However in the DYCOMS RF01 case, which features a strong inversion topped 
stratocumulus cloud, 100 m vertical resolution is still largely insufficient to maintain the 
stratocumulus cloud.   However, if one places a few additional vertical levels near the 
inversion level (and to a lesser degree near cloud base) the cloud is well captured.    
We present results of a simulation for the DYCOM case using a version the SAM model 
with an adaptive vertical grid.  That is the model is able to add vertical layers where and 
when needed.  In this simulation, the model determines where additional vertical layers 
are needed by examining the ratio of the total water flux contributed by the sub-grid 
scale scheme to the total water flux.  
 
Khairoutdinov, M. F., D. A. Randall, and C. DeMott, Simulations of the atmospheric 
general circulation using a cloud-resolving model as a super-parameterization of 
physical processes, J. Atmos. Sci., 62, 2136-2154, 2005. 
 
Marchand, R. T., Haynes, J. M. Mace, G.  Ackerman, T. and Stephens, G. 2008, “A 
Comparison of Simulated Cloud Radar Output from the Multiscale Modeling Framework 
Global Climate Model with CloudSat Cloud Radar Observations,” submitted JGR special 
issue on CloudSat 
 
Mikhail Ovtchinnikov, Thomas P. Ackerman, Roger T. Marchand, and Marat 
Khairoutdinov, 2005 “Evaluation of  The  Multi-Scale Modeling Framework Using Data 
from the Atmospheric Radiation Measurement Program,” Journal of Climate, 19 (9): 
1716-1729 MAY 1 2006
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Downwelling longwave (DLR) and incoming shortwave (ISR) radiation are the 2 main terms 

in the surface energy balance that control the evolution of surface temperature and moisture. 

Systematic biases in the representation of the surface radiation budget (SRB) can lead to 

severe errors in a number of key near surface climate variables (e.g. soil moisture, snow cover 

and sea-ice amounts). It is therefore important that climate models accurately simulate these 

quantities. Cloud cover is one of the main terms influencing the surface radiation budget, 

hence an accurate representation of cloud amounts is a crucial component of an accurate SRB. 

In this presentation we evaluate the 2 components of SRB and cloud cover over North 

America, as simulated by 3 Regional Climate Models (RCMs).  

 

The models used in this study are: CRCM (The Canadian Regional Climate Model), GEM-

LAM (Regional version of Global Environmental Multiscale Model) and RCA3 (Regional 

model of Rossby Centre, Sweden). The observations are derived from six different 

measurement sites within the SURFRAD (Surface Radiation Budget) network, coordinated by 

NOAA. These sites represent a cross-section of various climate types over North America.  

 

In this work we evaluate DLR and ISR in the RCMs against surface observations for different 

cloud cover conditions [e.g. cloud-free, all-sky (i.e. conditions as observed) and overcast]. We 

try to link respective model radiation biases with erroneous cloud cover representations. 

Analysis of the diurnal and annual cycle of cloud cover is performed for 6 observational 

SURFRAD sites as well as for 3 the RCMs.  

 

While surface based radiation observations offer accuracy at high temporal resolution, they do 

not allow full evaluation of the simulated SRB and cloud cover across the entire North 

America. In order to compare the RCMs over wider geographical domain we first evaluate 

ISR, DLR and cloud cover for various possible observational surrogate datasets: ERA40 

(ECMWF Reanalysis), NARR (North American Regional Reanalysis, NCEP) and ISCCP 

(International Satellite Cloud Climatology Project). 
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The GCM used at Météo-France is based on the ARPEGE-IFS code. The standard  physics presently 
available has been developed in the 80’s and the  90’s. It can be considered as somewhat old-fashioned, with 
the convection of Bougeault (1985), a moist diagnostic TKE turbulence of Mellor Yamada (1974 to 1982), 
diagnostic precipitations and condensates (Smith 1990), the radiation code of Fouquart and Morcrette (1974 
to1989). 
 
A large  renewal of the atmospheric physics of the ARPEGE GCM has been initiated during the 
EUROCS program (2000-03), with several validations and inter-comparisons in SCM and GCM modes, 
also by using the EUROCS (first) Pacific cross-section. These validations have been continued during 
the GEWEX (GPCI) Pacific inter-comparisons (Athens, 2005 ; New-York, 2006) and then during the 
(AMMA) African Monsoon cross-section inter-comparisons (Dakar, 2005). 
 
The new developments concern almost all parts of the atmospheric physics package. 
- Turbulence : test of the moist prognostic TKE scheme (C.B.R. / 2000), with B.L.-1989 mixing lengths 
and with the parameterization of Grenier (2002) for the top-PBL vertical entrainment ; 
- Precipitations and condensed water : use of the Lopez scheme (2002), with subgrid water given by 
the mixed Gaussian and Exponential pdf of Bougeault and Bechtold (1982 / 1995) ; 
- Shallow Convection : either the Bechtold (2001) or the Gueremy (2005) schemes, with possible tests 
of the new EDKF (Pergault)  scheme in the future ;   
- Deep Convection : either the Bougeault-Gerard (restricted to Deep by Bazile) or the Gueremy (2005) 
schemes, with possible test of the future “3MT” scheme (Piriou). 
- Radiation : test of the RRTM IFS code for the  LW, with 4 to 6 bands in the SW. 
  
Interesting results have been obtained concerning the representation of the marine Strato-Cumulus, 
with an important positive impact of the top-PBL vertical entrainment of Grenier, presented in the New-
York GCSS-GPCI workshop, 2006. 
 
The main drawbacks of the new ARPEGE physics observed in GCM mode and with the Gueremy’s 
convections concern : (i)  a positive bias in the low level wind in the tropical belt ; (ii) some remaining 
imbalance in the energy budget of the atmosphere (-10 W/m2). 
 
In order to finalize this new physics in the next version of the ARPEGE GCM, a new challenge has 
been decided for 2008: to realize both Climate and NWP cross-validations of the same new physics, 
based on the C.B.R. moist prognostic turbulence, the mixed PDF of Bougeault-Bechtold, the mixing 
length of BL89 and the Grenier Top-PBL entrainment, with the precipitations of Lopez, the shallow 
convection of Bechtold and with the Deep convection of Bougeault-Gerard-Bazile. 
 
Some results will be presented in the PAN-GCSS meeting at Toulouse, with a special attention paid to 
the impact of the top-PBL entrainment on the representation of the marine strato-Cumulus, at least by 
using new SCM results of the FIRE case as simulated with MUSC, and possibly with new validations 
obtained with updated GCM runs of AMMA or Pacific cross-sections.
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In large-scale models the shallow and deep convection are often represented as separate processes, and 

its transition is a difficult issue for the modeling community. Furthermore, it is well known that the 

diurnal cycle of tropical precipitation is poorly represented in numerical models, with the precipitation 

maximum occurring too early when compared with observations. Recently, different approaches to deal 

with those problems have been proposed, and some studies suggest that a unified parameterization for 

turbulence and convection is desirable. 

An improved knowledge of the processes that govern the transition from shallow to deep convection 

can be achieved with high-resolution modeling using Cloud Resolving Models (CRM). Until a couple of 

years ago, it was very difficult to explicitly simulate those processes due to the lack of available 

computer resources. Khairoutdinov and Randall (2006) used a very-high resolution CRM to explicitly 

simulate those mechanisms and showed that a new parameterization would have to be based on a 

better statistical representation of the boundary layer heterogeneity. Their simulation setup followed 

closely a GCSS WG4 case, which was based on an idealization of observations made during the TRMM-

LBA (Tropical Rainfall Measuring Mission - Large-Scale Biosphere-Atmosphere experiment) in Rondonia, 

Brazil, on February 23, 1999. The case considered is a daytime convective development over land, which 

starts with the growth of a mixed boundary layer, evolving to shallow convective clouds with a later 

transition from shallow to deep precipitating convection. 

A combined Eddy-Diffusivity and Mass-Flux (EDMF) approach (Soares et al., 2004; Siebesma et al, 2007) 

has been developed in order to unify the boundary-layer turbulence and shallow convection 

parameterizations. The present study addresses the feasibility of extending that framework to deep 

convection. 

Here we present a comparison between the results obtained with a CRM and a Single-Column Model 

(SCM). Two sets of simulations were considered: (1) a very-high resolution simulation of shallow 

convection and (2) a high resolution simulation of the daytime convection, representing the transition 

processes from clear to shallow convection, and then to deep convection. All simulations were 

performed using the MesoNH model (Lafore et al., 1996) which works both as a CRM and as a SCM, and 

has a version of the EDMF parameterization implemented. 
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The Tropical Warm Pool – International Cloud Experiment (TWP-ICE), which took place 
in Darwin, Australia in Jan-Feb 2006, produced a comprehensive dataset of soundings, 
aircraft observations, and remote sensing observations of tropical convection and 
cirrus.  For these datasets to be useful for model comparisons and evaluation, 
retrievals of cirrus microphysical properties from the ground-based remote sensors are 
needed.  However, ground-based lidar and radar remote sensors both have difficulty in 
fully observing cirrus clouds.  Due to sensitivity issues, cloud radar can miss small 
crystals at the tops of cirrus or miss thin cirrus altogether and lidar is attenuated by 
optically thick cirrus or by liquid clouds below the cirrus.  We present cirrus 
microphysical properties retrieved using a new combined lidar-radar algorithm. We use 
these retrieved cloud properties to calculate radiative heating rates during the TWP-ICE 
period.  We will compare observations with initial model simulations, including 
simulated lidar and radar measurements, for case studies from the TWP-ICE period 
using a cloud-resolving model with explicit bin microphysics. 
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Recent work has focused attention on tropical low-level clouds as the source of 
divergence in GCM-based estimates of climate change. This study investigates the 
distribution and response of simulated clouds in a set of GCM experiments using the 
NCAR CAM and GFDL AM, including both realistic geography and idealized aquaplanet 
simulations. We emphasize shallow cumulus convection regimes, which have modest 
cloud cover but are found over a large fraction of the tropical ocean, and which respond 
differently between the GCMs for the same prescribed climate change. Conditional 
distributions are derived from the model output to isolate shallow cumulus regimes and 
make comparisons with observations of shallow cumulus, including from the RICO field 
campaign and the CALIPSO mission. The simulated vertical structure of shallow 
cumulus clouds is relatively insensitive to the large-scale conditions among the 
simulations from any given model, but differs between models. The NCAR CAM distorts 
the vertical structure of shallow convection, with unrealistically large cloud fraction and 
unrealistically shallow cloud base. The representation of the structure of shallow 
cumulus convection is better captured by the GFDL AM. The vertically-integrated cloud 
amount is similar between the GCMs, though, because they apply different cloud 
overlap assumptions. The response in cloud and condensate distributions to the climate 
change are opposite in the GCMs, and tend to be more coherent in the GFDL AM than 
the NCAR CAM. Work is ongoing to identify a basis for testing these divergent 
responses using data selected from different environments sampled by the present 
climate. 
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Abstract: 
  The fact has been known for many years that JMA-GSM contains a dry bias in the middle of 
the troposphere over the Japanese archipelago in boreal summer. However, we had not 
been able to investigate the properties of the bias, even how does the dry bias range 
throughout the world, because of lack of reference data. Observations by radiosondes, which 
are the only way to observe vertical profiles of specific humidity, exist only in some limited 
area on land. Some brand new data sources recently started to provide data. Some of those 
data enabled us to investigate the properties of the bias, though only indirectly. 
  I tried to reveal some properties of the bias, by using the data observed by CloudSAT and 
CALIPSO and the data provided by the TIGGE database. The investigation concluded that 
the dry bias is probably due to deficiencies in our cumulus convection scheme (an 
economical version of the prognostic Arakawa-Schubert scheme). Comparisons of cloud 
occurrence between CloudSAT, CALIPSO, and JMA-GSM revealed follows: the deep 
convection simulated by JMA-GSM is active at wherever it must be active, and vice versa; 
the value of cloud occurrence simulated by JMA-GSM tends to be too small in the middle of 
the troposphere where deep convection is active; the height of cloud top simulated by JMA-
GSM is correct except for the Antarctica. Intercomparisons of specific humidity between 
three NWP centers (JMA, ECMWF, and UKMO) revealed that the middle of the troposphere 
of JMA-GSM is dryer than those of the other two NWP centers where deep convection is 
active. 
  I am going to improve our cumulus convection scheme through comparisons with our cloud 
resolving model (JMA-NHM). For the first step, I am currently investigating properties of our 
cumulus convection scheme (e.g., vertical profiles of heating and moisten rate). 
  In the presentation, I briefly introduce our cumulus convection scheme�@and show some 
results of the comparison of JMA-GSM with CloudSAT, CALIPSO, and other two models 
(ECMWF and UKMO). I will show the properties of our cumulus convections scheme and 
discuss the cause of the dry bias. 
 
 



A new LES code based on a vector-vorticity model

Chin-Hoh Moeng

We developed a new LES code based on Jung-Arakawa’s (2008, MWR, 136, 276–294)
vector-vorticity model. The vector-vorticity model, originally developed as a cloud-resolving
model for deep convection, solves vorticity equations instead of the usual momentum equa-
tions. For the basic dynamical framework, it consists of only two time-rate-of-change equa-
tions for the two horizontal components of vorticity ωx and ωy. The vertical component of
vorticity is solved prognostically only at one selected height (e.g., at the top of the numerical
domain), and is solved at the other heights by vertically integrating the horizontal divergence
of the two other vorticity components, i.e., –(∂ωx/∂x + ∂ωy/∂y).

The velocity field is solved as follows: First the vertical velocity w is solved from an elliptic
equation derived from anelastic continuity. The horizontal velocities are then computed
diagnostically by vertical integration of ∂w/∂x+ωy and ∂w/∂y−ωx, respectively, except at
one selected height (e.g., the top of the model domain) where the horizontal velocities are
solved prognostically.

The model ouput thus consists of all three components of vorticity as well as the vorticity
induced velocity field. The pressure effect is never explicitly accounted for in the model.

We use the vector-vorticity model as an LES for turbulence simulation. We will show that
it can generate statistics of convective PBLs reasonably well and can be used to investigate
vorticity dynamics in 3D turbulence.
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