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Aqua planet experiments with CMIP5 models

CHANGE IN CLOUD RADIATIVE EFFECTS
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CMIP5 models: response to climate change highly depends on the
model (tropics) — large uncertainties in cloud processes
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Figure 2: Diagram showing fundamental scales and processes in the atmosphere and the grid spacing employed
in state of the art modeling versus the grid spacing proposed for this project.

With deep convection mainly resolved,
how well is the tropical UT cloudiness simulated?
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With deep convection mainly resolved,
how well is the tropical UT cloudiness simulated?
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Storm-resolving models
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« SRMs — better representation of vertical
velocities, clouds and precipitation
(Stevens et al., 2020);
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* Improvements in precipitation:
— better spatial distribution

— more realistic propagation of
precipitating systems

— greatly improved daily cycle
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« ECHAM — lack of large-scale propagating
features & too strong daily cycle
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Hovmoeller plot of latitudinal averaged precipitation rate (2°S—16°N, mm d-1) over the tropical Atlantic
during August 2016. Observations (IMERG) illustrated in a), ICON-SRM in b), and ECHAM c).




Convection permitting models benefits

« “Step Change” in ability to forecast rainfall (Clark et al 2016)

7« 25km (convection parametrized): little indication of organisation of
rain and areas of heavy rain

» 4km: better at organised features but too much heavy rain and not
enough light; features tend to be too large

~ » 1.5km: better scales in rainfall field (features smaller); better
balance between heavy and light rain compared to radar

7 » Too much heavy rain, not enough light (appears to improve with
- increased resolution)
Clark et al 2016
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Case of convective showers over the UK on 8 July 2014 1200 UTC. |




Total (ice + snow + graupel) ice water path (TIWP)
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Total (ice + snow + graupel) ice water path (TIWP)
In high-resolution DYAMOND models
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Is lack of TIWP in models due to or cloud scheme?
Monthly mean
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Time scales of analysis

Monthly mean Daily mean
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How different is dynamics between the high-resolution models?
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Impact of convection on UT cloudiness varies strongly!
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PDF,: indicator for the

CWP,, :cloud water path

How different are NWP models compared to high-resolution models?
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Is lack of TIWP in models due to or cloud scheme?

Co
CWP - Cloud water path
CWP = CWPW dw PDF,, — PDF of vertical velocity w (at 500 hPa);
CWP,, — Cloud water path for given vertical velocity
—Co
MM = multi-model mean
IM = individual-model

O TIWP 1oud scheme = * TIWP,, (MM) - * TIWP,, (IM)




Is lack of TIWP in models due to
Monthly mean

or cloud scheme?
Daily mean
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Monthly partitioning of TIWP / precipitation (Tropical ocean)
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Daily partitioning of TIWP / precipitation (Tropical Ocean)
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Can high resolution models reliably simulate cloudiness
originating from convection?

Cloud scale dynamics is much improved in the high-resolution simulations but TIWP significantly underestimated
Different SRMs show large variability in cloud water path response to vertical velocity

Overall underestimation in TIWP is mainly caused by model's cloud scheme

Comparison with observations shows:

Underestimation of TIWP in SRMs is largely caused by underestimating TIWP of weaker and/or aged convective
systems while strong and young convective systems are simulated well

In NWP model (13km resolution) underestimation of TIWP is more pronounced in weaker and/or aged

convective systems

:> Double moment microphysics may lead to improvements in simulated convective life cycles

New data sets, such as those coming from Earthcare or initiatives learning from lidar, radar and in-situ
measurements, may help advance cloud schemes in the near future
i DLR
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