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Between the resolution of typical GCMs and 100m is the ,grey”“ zone
where parameterisation is hard to achieve / understand.




A HD(CP)2 High definition modelling on a limited domain %
A hdcp2.eu N—/|

HD(CP)2 proposal, steering committee: Stevens, Crewell, Jones, Biercamp, Burkhardt, Seifert,Macke, Simmer 2011

A resolution of 100 meter implies automatically a regional domain for
current computer power. Bonus: Germany has a dense network of
observation stations / supersites.
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A HD(CP)? Campaign: HOPE
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HOPE: HD(CP)? Observational Prototype Experiment (April / May 2013):

Many (German) measurements-centres meet for an intensive
measurement campaign

HOPE —
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A HD(CP)2 at 700m
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A HD(CP)? TKE spectrum %
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A HD(CP)? Timeline
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Coordinated approach to tackle the cloud/precipitation problem
« Build a model (flexible, 100m resolution) based on ICON
« Organize data for evaluation (create German ARM site)
« Use this model/data framework to generate new ideas
Final workshop 15-19 February 2016: hdcp2.eu (abstracts 19. Sept 2015)



Uncertainty in high-resolution convection forecasts %
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e uncertainty evolution
— correlation length scale increase with time given small initial uncertainty?
— growth rate?
— upward energy cascade from convective scale?

« physics of convective instability?

* Dbenefit to weather forecasting
— NWP at O(100m) resolution?
— How to select growing convective modes (initial conition?
— How best to design stochastic physics?



Rodwell et al 2013: occasional poor forecasts %
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Mean initial (6h) CAPE anomaly for Day 6 busts over Europe
5% level significance: bold color

Increased initial CAPE over USA correlates with EU busts
Best and worst ensemble member have same initial
perturbation with opposite sign

MCS slow synoptic evolution

MCS requires parameterisation




Zhang et al 2007: 3 stages of error growth

Idealized MM5 simulation, nested domain at 10km resolution

(a) CNTL-D3P 3h () CNTL-D3P6h (© CNTL-D3P 12h

V 500hPa difference (red/blue)
Z 500hPa (black)

Precipitation (grey shaded)
CAPE (green)

3400km

« Stage 1: errors groth fast on small scales due to convective
instability and latent heat release, but saturate quickly

Perturbation: 0.2K

« Stage 2: perturbations expand in spatial scale and come into
geostrophic balance

* Stage 3: balanced perturbations grow on synoptic scales in
presence of baroclinic instability




Hohenegger and Schar 2007a:
predictability a synoptic and cloud-resolving scales
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Error growth of convective systems is 10 times larger versus
synoptic systems

Tangent-linear time drops another factor 3 for convective
systems (strong non-linearity)




Selz and Craig 2015: quantify error growth at 2.8km

Difference total energy Difference vertical wind (dark blue and red)

15 UTC 20 July 2007, pit = 6 h 09 UTC 22 July 2007, plt = 48 h
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Uncertainty in high-resolution convection forecasts %
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LWP control simulation %
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WVP diff between two simulations
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T diff between two simulations: 48.5N cross-section %
N2/
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Q, difference after 4 hours

6

control perturbed
80 80
100 100
120 120
140 140
difference
0 0.5 1.0 .
[g/kg] 80 — [9/kg]
100 — -
Rhein valley (SW Germany) = LRl
48.1N 8-9E ' Td
16UTC 120 |
300m resolution
140 —

____ DRNEEEEER P

-0.1 -0.5 0 0.5
[a/kg]



T diff between two simulations
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U, V, W, T, Q diff between two simulations
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T diff spectra (vertical mean)
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Conclusions

« Resolution O(1000m) underestimates convective error growth rate

« Convective error growth (Zhang stage 1) has three phases
— 5min: fast upscale cascade of initial grid-scale uncertainty
(maybe by sound and gravity waves)
— 5min-1lhour: convective growth at scales of 1-10km
— 1-6hours: upward error growth to scales of 100km
(gravity waves)

« Future Work: Anvil (ICON-LES, ICON parameterized — macro/micro-scales)
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