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COMBLE science themes:
(1) the fetch-dependent mesoscale organization of clouds and precipitation, linear and cellular convection; 

(2) surface heat and momentum fluxes and vertical profiles of temperature, humidity, wind, and turbulence; 

(3) vertical structure of clouds and precipitation; 

(4) the sources and sinks of aerosol, including ice nucleating particles, and the role of cloud-active aerosol on 

cloud processes and radiative fluxes; 

(5) the influence of the above four themes on polar cyclogenesis and polar low vertical structure. 

6th overarching  theme: to provide integrated data sets … that will enable constraining high-resolution numerical 

simulations, developing process-level understanding, and, subsequently, evaluating and improving 

representations of shallow convection in weather and climate models.

DISCUSSION:
COMBLE modeling: approaches, challenges, and opportunities

Approaches for SCM/LES/CRM model setups, initializations, and coordinated evaluation in COMBLE, 
links to climate models

Mikhail Ovchinnikov (PNNL)
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Potential CAO case studies:
March 13, 19, and 28-30

March 29, Bear Island is on the edge of CAO cloud field, 

providing possibly relevant soundings midway between 

Svalbard and Andenes.
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Approaches for LES/CRM and SCM modeling

ARM/ASR PI Meeting       COMBLE breakout       23 June 2020

Modeling a steady state vs evolution

Case study vs long-term statistics

Simulation setup:

- domain & resolution: fixed or moving domain, nesting; 

- initial conditions;

- boundary conditions and forcings: surface properties/fluxes over 

a site or trajectory; define an appropriate domain.
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Figure 1. (a) Met Office analysis chart and (b) MODIS image (channel 4, 550 nm) for 1200 UTC 31 January 2010. The blue square indicates the stratocumulus region
and the orange box indicates the convective region. The larger yellow box indicates the region used for the rainrate plot in Figure 16. (c) Schematic of the cloud
evolution as the air sweeps down over the course of ∼12 h from the north (left) to the south (right), indicating cloud morphology and gross properties including
hydrometeor concentrations, wind speed, boundary-layer height and total sensible plus latent heat flux. Sea ice extent from http://igloo.atmos.uiuc.edu.

for the cumulus region are 0.06±0.03 kg m−2 for liquid and in the
range of 0.08–0.20 kg m−2 for ice. A schematic of the evolution
of the boundary layer and cloud is shown in Figure 1(c).

3. Models

Output from nine different models was submitted for the com-
parison:

UM = Unified Model (UK);
WRF = Weather Research and Forecasting model (USA, two

configurations: NCAR and NOAA);
NHM = non-hydrostatic model (Japan);
ASUCA = A System based on a Unified Concept for Atmosphere

(Japan);
Meso-NH = mesoscale non-hydrostatic (France);
AROME = Applications of Research to Operations at MesoscalE

(France);
ALADIN = Aire Limitée Adaptation dynamique Dévelopment

INternational (Czech Republic);
EC = Environment Canada.

Table 1 summarizes the models and the choices for micro-
physics, boundary layer, convection and advection. The

models were run with grid spacings of 16, 8, 4, 2,
1 km grid spacing (AROME only 4,2,1) over a domain
1600 km(north–south)×800 km(east–west). Sets of simula-
tions were carried out with convection parametrization on
(convection-on) and with convection parametrization off
(convection-off).

Apart from AROME and ALADIN which used ARPEGE
analyses, the models were run for 24 h from the ECMWF analysis
(1200 UTC 30 January 2010), with the bulk of the analysis
carried out at around 1200 UTC 31 January. Some models
used a parent global model to provide boundary conditions to
drive the inner nested model used to provide the data for the
intercomparison. Other models used 6-hourly ECMWF analyses
to provide boundary conditions for a large area regional model
which in turn provided boundary conditions for the inner nest
used in the intercomparison.

Tests were carried out with the UM to assess the impact of
using a different starting analysis and vertical level set. For the
sensitivities, a UM analysis was used instead of the ECMWF
analysis and for the vertical level sensitivity test the level spacings
were halved to increase the number of levels from 70 to 140. The
results indicate that, while the changes are systematic, they are
the same size as the variability represented in the control run.

c⃝ 2017 Crown Copyright.
Quarterly Journal of the Royal Meteorological Society c⃝ 2017 Royal Meteorological Society

Q. J. R. Meteorol. Soc. 143: 2537–2555 (2017)

Field et al., 2017

Potential challenges:

Complex synoptic and mesoscale environment (including coastal effects)

Lack of in situ data for process studies 

Low sun angles, lack of visible satellite imagery (Dec-Feb)

Two sites often are in different environments (Bear island in often in Svalbard’s shadow)
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What, who, and how
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New to CAO:
think about opportunities, relevance to your science, applicability of your tools

Working on CAO: 
advertise your project, share your experience, propose a case/question

Collaboration (model intercomparison) takes efforts, why get involve:
You don’t’ have to; there are single PI questions;
Benefit/effort ratio increases after critical number of participants is reached;
Learn about and improve your model (you’ll be surprised what you find in there);
Get more robust answers to science questions;
Leadership opportunity for junior scientist.

Be proactive, get in touch, and COMBLE team will assist

Look for and respond to follow-up communication
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Desired observations
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Boundary layer structure / profiles (wind, temperature, moisture)

Sea surface temperature

Cloud macro properties:

- cloud fraction, base and top heights 

- liquid and ice water paths

- precipitation rate (surface & elevated)

Cloud microphysics:

- liquid/ice phase partitioning; 

- droplet and ice particle size distributions

Aerosol:

- CCN and INP concentrations, size distributions, composition, etc. 
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