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 he sixth World Meteorological Organization 

 (WMO) International Cloud Modeling Work-

 shop was held in July 2004, hosted by the Max 

Planck Institute for Meteorology (MPI-M) and co-

chaired by Daniela Jacob (MPI-M) and Wojciech 

Grabowski [National Center for Atmospheric 

Research (NCAR)]. It extended to 20 years the long 

tradition of such meetings, starting in 1985 with the 

workshop in Irsee, Germany. Previous workshops 

were held in Toulouse, France (1988); Toronto, 

Ontario, Canada (1992); Clermont-Ferrand, France 

(1996); and Glenwood Springs, Colorado (2000). 

Because these workshops were rooted in the WMO’s 

weather modification activities, their emphasis has 

always been on the modeling of cloud microphysics 

and the interaction between cloud microphysics and 

cloud dynamics.

About 60 scientists from Canada, China, France, 

Germany, Hungary, India, Israel, Japan, Libya, 

Namibia, Nigeria, Pakistan, Ukraine, and the United 

States participated in the workshop. (Interested 

readers are encouraged to visit the workshop Web 

page located at http://box.mmm.ucar.edu/events/

wmo_workshop04/. The Web page provides links 

to workshop cases, the workshop agenda, and most 

of the workshop-contributed papers.)

Aside from a miniworkshop on convection param-

eterization, presentations and discussions focused 

on cases.

CASE 1. The shallow convection case was based 

on the Baltic Sea Experiment (BALTEX) Bridge 

Campaign (BBC) Cabauw observations. The case 

leaders were Susanne Crewell and Nicole van Lipzig 

(University of Munich).

Two intensive cloud measurement campaigns were 

held in the Netherlands—BBC (August and Septem-

ber 2001) and BBC2 (May 2003). The BBC campaigns 

were performed around a central experimental facil-

ity at Cabauw, the Netherlands. Advanced remote 

sensing instruments were operated to derive vertical 

cloud structure. Satellite remote sensing data from 

different platforms were utilized. Aircraft and teth-

ered balloon measurements were also used to measure 

cloud microphysical parameters and solar radiation 

below, in, and above the cloud. For the workshop in 

Hamburg, Germany, 2 days were selected from the 
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BBC dataset, namely, 23 September 2001 and 21 May 

2003. The motivation was to evaluate the vertical 

distribution of cloud water in atmospheric models 

during episodes of shallow convection.

Integrations for these 2 days were done with sev-

eral models, including cloud-resolving models and 

regional mesoscale models. The discussion at the 

workshop focused on the representation of boundary 

layer processes and their role in the modeled evolution 

of shallow convection. In most models, the boundary 

layer inversion was predicted at a level too close to 

the surface. Although the modeled-integrated water 

vapor corresponded closely to the measurements, the 

modeled daytime humidity was too large near the 

surface and too low above, indicating that the mixing 

was underestimated in all models. The French non-

hydrostatic mesoscale atmospheric model Méso-NH 

had the best representation of the low-level clouds. In 

regional climate models, the vertical extent of clouds 

and the liquid water path were overestimated. These 

differences between the models strongly affected the 

simulated surface energy budget during the 2 days. In 

the future, spatial variability of the modelled cloud 

field will be studied using satellite measurements and 

data from the regional network.

CASE 2. The Elbe flooding case involved convection 

embedded within synoptic-scale frontal precipita-

tion. Daniela Jacob and Stefan Hagemann (MPI-M) 

led this case.

The Elbe case study was motivated by convective 

precipitation events in moist, unstable air masses in 

August 2002, which caused the severe Elbe flooding 

in eastern Germany. The extreme precipitation was 

due to warm and moist air with embedded convec-

tion, transported by a low pressure system from 

the Mediterranean and Black Sea into Eastern and 

Central Europe. In addition, orographic lifting by the 

Erzgebirge Mountains affected the spatial distribu-

tion of surface precipitation. The synoptic weather 

situation is described in detail online at www.uni-
frankfurt.de/~jrapp/centuryflood.pdf. The goal was 

to simulate the period with maximum precipitation 

on 12 August 2002. However, because of the differ-

ences in modeling setups, direct comparison between 

the models was difficult. During the workshop, a 

common modeling setup was agreed upon, including 

common regional domains, initialization, and lateral 

boundary conditions. The simulation time period 

starts at 1200 UTC 11 August to account for model 

spinup, and ends at 1200 UTC 13 August.

One of the conclusions about this case was that 

models relying on convective parameterizations 

experienced difficulties in representing embedded 

convection. Although high-resolution nonhydrostatic 

models were more successful, they too had problems 

in representing the maximum surface precipitation, 

especially in relation to the underlying topography. 

The follow-up intercomparison of models and ob-

servations will focus on the distribution of surface 

precipitation and the overall ability to predict cloud 

properties (cloud cover, cloud depth, cloud-top tem-

perature, liquid and ice water paths, etc.).

CASE 3. The wintertime orographic precipitation 

case from the 13 to 14 December 2001 Improvement 

of Microphysical Parameterization through Obser-

vational Verification Experiment (IMPROVE)-2 

case was led by Roy Rasmussen and Greg Thompson 

(NCAR). See the related information online at www.
rap.ucar.edu/~gthompsn/workshop2004/.

Case 3 involved a significant wintertime oro-

graphic precipitation event that occurred on 13–14 

December 2001 and was extensively sampled during 

the IMPROVE-2 field project. Modelers were asked 

to perform two-dimensional simulations with sup-

plied terrain, and initial and boundary condition 

data. About a dozen participants attended the session 

devoted to case 3, of which six modelers contributed 

a total of 13 model simulations. Additionally, five 

modelers presented fully three-dimensional simula-

tions of the event.

All simulations produced a deep mixed-phase 

cloud system with ice dominating the upper portions, 

followed by a gradual transition to snow from 10 to 

6 km. Snow mass then increased until reaching the 

melting level around 2.2 km, where it melted to rain. 

All simulations also produced cloud liquid water in 

the terrain-induced updrafts that often led to rimed 

snow and relatively large quantities of graupel. The 

largest differences between the various simulations 

were related to the proportions of snow, graupel, 

and cloud water within and/or downstream of these 

updrafts.

An attempt was made to associate the differences 

between the model simulations with the differences in 

the representation of various microphysical processes 

in the participating models. For instance, because 

graupel generally falls 2–4 times faster than snow, it 

was able to survive within the melting zone and reach 

the surface, whereas the snow melted not far below 

the melting level. Of the various simulations, those 

that formed graupel more readily from rimed snow 

created more graupel and more surface precipita-

tion, especially near the mountain crest. This case 

also identified several issues that will be addressed 
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in future work, related to both the observations con-

cerning this case and the model results.

CASE 4. The convective snowband case was from 

the cold air outbreak over the Sea of Japan. Masataka 

Murakami from Japan’s Meteorological Research In-

stitute led this case. See the related information online 

at http://mri-2.mri-jma.go.jp/Project/WMO_ICMW/
CASE4_ICMW2004.html.

In winter, the cold air masses from the Eurasian 

continent receive large amounts of heat and water 

vapor from a warm sea surface while they cross the 

Sea of Japan. The heat and moisture are transported 

vertically by convective motions, and a mixed layer 

develops in the downstream direction. In the mixed 

layer, relatively shallow convective snow clouds 

form. These snow clouds over the Sea of Japan were 

extensively sampled by the Wyoming King Air 

dual-Doppler radars and microwave radiometer on 

29 January 1993. This case focuses on the convective 

boundary layer development, cloud and precipitation 

development, and mesoscale organization of convec-

tive snow clouds.

In general, the models were capable of simulating 

most of the features of the convective boundary layer 

development and cloud evolution. Compared to the 

observations, major failures were a shorter distance 

downstream before the first clouds appeared and their 

cloud bases were lower. Possible reasons were inaccu-

rate initial conditions and weak turbulent diffusion 

due to the coarse resolution. As far as the structures 

of individual convective snow clouds are concerned, 

models with a horizontal grid length finer than 1 km 

realistically simulated the updraft velocity, cloud water 

mixing ratio, and ice particle number concentrations. 

Models with two-moment bulk parameterization 

and/or detailed (bin) microphysics reproduced the 

size-sorting effect and the symmetric structure in a 

vertical cross section that was perpendicular to the 

mean wind direction. However, the maximum size 

of the graupel particles that were simulated with the 

detailed (bin) microphysics model was smaller than 

that observed and resulted in much smaller radar re-

flectivities. Three-dimensional models with horizontal 

grid lengths smaller than 1 km reasonably simulated 

the scale of convective snow clouds and their mesoscale 

organization into snowbands.

CASE 5. Transport and chemistry in deep convec-

tion were studied. This case was organized by Mary 

Barth (NCAR). See related information online at 

http://box.mmm.ucar.edu/individual/barth/Simula-
tionSetup.html.

Case 5 was based on simulations of the 10 July 1996 

Stratospheric–Tropospheric Experiment: Radiation, 

Aerosols, and Ozone (STERAO) storm, which was an 

isolated storm observed in northeastern Colorado. 

The specific goal was to assess the capability of each 

model to transport chemical species from the bound-

ary layer to the upper troposphere, including the 

entrainment of free-tropospheric air. Parameteriza-

tions of lightning-produced NO
x
 were also compared. 

Primary species that were compared were ozone 

(O
3
), carbon monoxide (CO), and nitrogen oxides 

(NO
x
 = NO + NO

2
). Here O

3
 and CO were tracers 

of transport, while NO
x
 included tracer transport 

and production by lightning. Secondary species of 

interest were nitric acid, hydrogen peroxide, and 

formaldehyde.

The peak updraft speeds predicted by the models 

were found to range from 25 to 50 m s–1. Calculations 

of airmass flux densities across a plane in the anvil 

were within 50% of, and were generally higher than, 

estimates made from the observations. Tracer trans-

port (CO and O
3
) was similar among the models 

(both mixing ratios and flux densities in the anvil) 

and to observations. When no lightning production 

was included NO
x
 was consistently underestimated. 

Lightning–NO
x
 parameterizations performed rea-

sonably well compared to the observed NO mixing 

ratios. However, NO
x
 flux densities were significantly 

different than those estimated from observations. 

Other science questions related to this case include 

determining whether the ice phase is important to 

soluble species and adsorptive species, and applying 

these modeling efforts to other field programs, such 

as Tropical Convection, Cirrus and Nitrogen Oxides 

Experiment (TROCCINOX), Cirrus Regional Study 

of Tropical Anvils and Cirrus Layers-Florida Area 

Cirrus Experiment (CRYSTAL-FACE), or future deep 

convective field studies.

CONTRIBUTED PAPERS. Several contrib-

uted papers presented in plenary sessions discussed 

specific aspects of the workshop cases. Other papers 

discussed various topics related to the modeling of 

cloud processes, such as the parameterization of cloud 

microphysics, the impact of model spatial resolution, 

cloud–clear air interfacial mixing, electroscavenging 

of condensation and ice-forming nuclei, the param-

eterization of cloud droplet nucleation, and modeling 

of multiphase cloud chemistry. A paper discussing 

the role of cloud microphysics in the cloud electrifi-

cation was also presented. This issue, although not 

part of the six cases discussed above, generated a lot 

of informal discussions during the workshop. Initial 
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4) Numerical weather prediction (NWP) models 

approach cloud-resolving scales (i.e., horizontal 

grid length of the order of 1 km). This was evident 

in case 2 and 3. It follows that the development, 

testing, and improvements of microphysical 

parameterization applied in cloud models con-

tribute directly to the NWP. This trend will likely 

strengthen in the near future because the leading 

NWP centers are already providing continental-

scale forecasts using nonhydrostatic models with 

horizontal resolutions of a few kilometers.

5) Cloud models coupled with gaseous and aque-

ous chemistry are becoming more sophisticated. 

Evaluation of these cloud chemistry models is 

challenging because of the many different cloud 

processes that affect chemical distribution.

6) Initiation of cloud ice remains the most important 

unresolved issue in cloud physics in general, and 

cloud modeling in particular.
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attempts are now being made to introduce cloud 

electrification into the development of cloud fields, 

and new algorithms are being developed to better 

simulate the generation of lighting flashes, which will 

open the way to better estimation of NO
x
 production 

from lightning.

The workshop presentations and discussions pro-

vided an assessment of the state of the art of cloud 

modeling. The following is a list of relevant, more 

general conclusions:

1) Three-dimensional cloud-resolving models with 

bulk representation of cloud microphysics are 

now standard in cloud modeling.

2) Bulk microphysical schemes are becoming more 

sophisticated. Although single-moment schemes are 

widely used, a trend to develop and validate more 

complicated schemes (e.g., predicting two or three 

moments of cloud particle spectra) is evident.

3) Three-dimensional dynamic models with detailed 

(bin) microphysics are often applied in cloud 

simulations. In particular, detailed microphysics 

models are used as reference for the validation of 

new bulk schemes.
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