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Vorführender
Präsentationsnotizen
Thank you .... I would like to thank my co-authors and I will start by asking a question ...
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 Many bulk properties converge at O(1 km) resolution

« Many bulk properties have predictable biases

Bryan, 2007
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Vorführender
Präsentationsnotizen
From experiments at different spatial resolutions (horizontal axis) we see that for different forcings (strong: green, weak in black) that these 3 properties ... of the system do not change much if the resolution is reduced below 1km (left of the red vertical axis)
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(adapted from Klemp 2007)


Vorführender
Präsentationsnotizen
For these 4 important atmospheric processes (precip. convection radiation turbulence) the different parameterizations have known deficiencies on the spatial scales between 1 and 10km resolutions (grey zone). The choice of 1km can be a chance for the first 3 processes compared to the models given on the top of the resolution axis in red.


¥  Better Topography

« Better near surface wind field (valley winds, Fohn, drag, ...)
« Better representation of surface heterogeneity (triggering)
« “Closer match to obs”

ax. dh/dx = 36°

COSMO-2 COSMO-1
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Vorführender
Präsentationsnotizen
For this domain (Thun; Thunersee; Interlaken; Brienzersee; Haslital; Grimpselpass; Wallis; Eiger/Mönch/Jungfrau) a halving of the resolution brings a lot of details which could lead to better ...




Overview

 Motivation
 Partl:

- Stability of the new dynamical core with idealized
experiments

« Partll:

 Actual settings of the regular runs

» Verification results for the last 2 seasons
e Summary

* Qutlook
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Idealized test case | (atmosphere at rest)

2-dimensional
Schaer et al. MWR 2002
topography
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Tropopause at 12km
Rayleigh sponge (>11.5km)

SRNWP 13-15 May 2013 Offenbach

u(t=0) t=0.0h
21
20
19
18
17
16
=
€ 13
= 12
S 10
.E) g
L 7
6
5
4
3
2
1

-200 -100 0 100
X-Direction [km]
h,=1000m (max. dh/dx=21°)
h,=2000m (max. dh/dx=37°)
Irk_order=3
1adv_order=5
ieva order=3

Guy de Morsier et al. @ MeteoSwiss

Om s

200


Vorführender
Präsentationsnotizen
Slice model, mountain described by a large scale component a=25km and a small scale component lambda=8km with a maximum slope of 37 degrees if we choose the amplitude to be 2km.

We use a dry version of the model with more or less the same settings as used operationally: 2 time level 3rd order Runge-Kutta scheme with ... Terrain following coordinates with the extension of SLEVE from Leuenberger 2010 so the grid is ... BLACK BOX for the following diagrams
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v Idealized test case | (atmosphere at rest)
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Vorführender
Präsentationsnotizen
This is the reference run with NO MOUNTAIN ... small values


v Idealized test case | (atmosphere at rest)
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Vorführender
Präsentationsnotizen
This is a higher zoom from 0 to 6km for a 1km high mountain (21 degrees maximum slope) with 2 different BBC. Left for the latest formulation of COSMO and right the old formulation of Almut Gassmann. First 2h basically nothing then a plateau up to +6h or +8h for the latest formulation of COSMO (left) then quite lot of activity for the last 2 to 4h. This leads to a lot of differences near the orography but the consistent formulation (left) shows a less noisy pattern after 10h.


v Idealized test case | (atmosphere at rest)

h,=1000m, divdamp_slope=60, nrdtau=3, svc2=3km
Damping all var. @ upper boundary Only w (Klemp,2008; i1type spubc=3)
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Vorführender
Präsentationsnotizen
If we reduce the small scale terrain features (SVC2 decay) of the SLEVE coordinates and increase the Raleigh (nrdtau) and the divergence damping (slope) (both as operational) we can see that the usual treatment of all variables (left) can lead to very much noise that we can be controlled with a radiative formulation as proposed in a paper by Klemp in 2008. Positive pressure bias near the surface indicates that the formulation of the pressure gradients is important.


Idealized test case | (atmosphere at rest)

Mahrer pressure gradients, divdamp_slope=20, svc2=3km
h,=2000m

h,=1000m
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Vorführender
Präsentationsnotizen
By using a strict formulation of the horizontal pressure gradients (after Mahrer 1984) a reduced noise pattern can be attained, although the vertical and horizontal movements start before +2h. The Mahrer formulation is the only way to compute the 2km hill height on the right. But at some times the noise can reach high values !


B
v

Idealized test case | (atmosphere at rest)

t ewels Lewal thickness

« 2 different 80 level SLEVE2 ="~ R
coordinate systems = ——cosue-y

with different layers thicknesses: /
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(same mean thicknesses)
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Vorführender
Präsentationsnotizen
Do these properties have anything to do with the choice of the vertical levels used? Here in black are the quadratic distribution of the level heights (left) and the level thicknesses on the right. In red is more regular distribution with a thicker bottom layer but (5x) but basically with a constant thickness throughout the troposphere and more or less the same top.

Now what is the impact of using this new RED coordinate?
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Idealized test case | (atmosphere at rest)

divdamp_slope=60, svc2=3km, nrdtau=16
Big changes of Az
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Small changes of Az
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Vorführender
Präsentationsnotizen
No big differences except for the peaks on the left, but the results on the right with the smooth level distribution is not so sensitive and give better results to the different choices of the Rayleigh or divergence damping as on the left (as we saw before with nrdtau=3 (same damping over 3 time steps) instead of as here over 16)


+

ldealized test case Il (shear flow)
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Vorführender
Präsentationsnotizen
The signal of the vertical level distribution is reduced compared to normal terrain following vertical coordinates such as Gal-Chen or the classical sigma pressure coordinates.


U ldealized test case Il (shear flow)

divdamp_slope=20, svc2=3km, nrdtau=16
Standard Mahrer pressure gradients
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Vorführender
Präsentationsnotizen
Here with this shear flow the standard pressure gradients formulation (left) has after 8h strong vertical and horizontal fluctuations which the Mahrer formulation (right) does not have, but here there seems to be a positive pressure bias although the valley and mountain signals are much smaller.


Summary Part |

* The stability can be analysed by using a selection of possible
choices (e.g. the kind of lower or upper boundary conditions, the
amount of divergence damping, etc.)

* The choice of the vertical levels (changes of layer thicknesses,
SLEVEZ2 parameters) can have an impact on the stability of the
model

« A truly horizontal pressure gradients following Mahrer (1984)
shows better results

« But not all settings translate directly to the real world !


Vorführender
Präsentationsnotizen
Different vertical coordinates is the hard test for the numerics 


Part Il: Experimental Run: Setup

« Continuous lkm-assimilation cycle since end of August
2012 (including latent heat nudging and snow analysis)

« Two forecasts per day (00/12 UTC) to +24h
« Driven by the operational COSMO-7km forecasts

 Run at CSCS in approx. 1h45’ elapsed time
with 2470 cores (60%) on CRAY XEG6

 Visualization, monitoring and verification for evaluation
purposes but not for production!



()

¢  COSMO-1 Domain

lon x lat x lev = 1062 x 774 x 80
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Vorführender
Präsentationsnotizen
The inner domain of COSMO-1 (without the relaxation zone: stippled line at 35 grid points from boundary) is close to the actual COSMO-2 domain (520 x 350 x 60)
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New Coordinate Transformation

Generalized SLEVE (after Leuenberger et al. 2010)
(ivetype=4, svc1=10km, svc2=3.5km, nfltvc=100, n=1.35)
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Vorführender
Präsentationsnotizen
The original SLEVE 2002 version would compress the level thickness to very small values which makes the numerics and physics parameterization very difficult!


Settings for dynamics and physics

New fast waves solver (consistent 2"-order accuracy, strong
conservation form of divergence operator, increased
divergence damping)

Horizontal non-linear Smagorinsky diffusion
No artificial horizontal diffusion

Rayleigh damping of all variables at upper boundary
(test running with condition on w only looks very similar)

6 category microphysics including graupel (as COSMO-2)
Standard turbulence and multilayer soil module

Explicit deep convection but Tiedtke shallow convection (C-2)
Ritter-Geleyn radiation every ©’

Roughness length only from land use (Z, < 1m)

No sub grid scale orography
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¢ Dew Point Temp. at 2m of for
SON 2012 DJF 2013
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Präsentationsnotizen
Not the same domain because in autumn we had a cold bias over the SW area due to a completely wrong orography (holes !) near the coast line of South of France.


MNOD, MOBS (M/5)
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¢ 10m Wind Speed of for
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Observations in BLACK. 12 UTC VERY good COSMO-1! Same picture for Winter over CH domain
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Precipitation of COSMO-1 DJF13

COSMO-2 vs COSMO-7 vs COSMO-1 @ch for TOT_PREC1 & 1t13
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Comparison of the hourly accumulated precipitation from +13h to +24h of all 00 and 12 UTC forecasts of COSMO-X for the Swiss stations for 6 different thresholds in a performance diagram derived from the geometrical relationship between several scores based on the contingency table (Roebber, 2009, Weather and Forecasting, 24, p601-608). Plotted is the success ratio (1-false alarm ratio) against the probability of detection (POD) with the dotted auxiliary lines indicating the frequency bias (FBI) with the values at the margin axes of the plot and the solid black lines denoting isolines of the critical success index (CSI) with the values within the plot area on the right. The perfect forecast lies at the upper right corner of the plot. The different thresholds are visualised with different symbols, the results of the different models have different colours. The cross on the top of each symbol depicts the 95th quantile of the sampling uncertainty derived from bootstrapping (with N=1000 random draws) giving an indication about the confidence in the result.
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Vorführender
Präsentationsnotizen
Comparison of the 12h accumulated precipitation from +6h to +18h of all 00 and 12 UTC forecasts of COSMO-X for the Swiss stations for 7 different thresholds in a performance diagram derived from the geometrical relationship between several scores based on the contingency table (Roebber, 2009, Weather and Forecasting, 24, p601-608). Plotted is the success ratio (1-false alarm ratio) against the probability of detection (POD) with the dotted auxiliary lines indicating the frequency bias (FBI) with the values at the margin axes of the plot and the solid black lines denoting isolines of the critical success index (CSI) with the values within the plot area on the right. The perfect forecast lies at the upper right corner of the plot. The different thresholds are visualised with different symbols, the results of the different models have different colours. The cross on the top of each symbol depicts the 95th quantile of the sampling uncertainty derived from bootstrapping (with N=1000 random draws) giving an indication about the confidence in the result.


¥ Upper Air Temperature Verification
COSMO-1 vs. COSMO-2 DJF13
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¥ Upper Air Relative Humidity Verification
COSMO-1 vs. COSMO-2 DJF13
4, vetifgaiion; CORMO= |y, COSMO2 for Dec/uan/Fel 2013 (yyyywe = 2013u1)
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Summary Part |

Autumn and winter verifications of COSMO-1 show good results:
*Better humidity specially in the standard deviation (surface)
Slight cold bias (not for all stations)

*Overestimation of 10m winds (except around 12 UTC)

*Good precipitation scores

*Similar upper air scores as COSMO-2



®
¢  Outlook

 New external parameters including:

* a better representation of orography and roughness
length using ASTER with a resolution of 30m (now 900m)

- more detailed soil types using HWSD with a resolution of
1km (now 10km)

 Tests without shallow convection

« Changes to the turbulent scheme

Thank you for your attention!
Questions?
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postdoc for 1 year starts soon
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Height [km]

Horizontal turbulent diffusion
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Current
Not stable over Alps!

Strong extrapolation

New
Stable over Alps!
Local interpolation

Boundary handling?

the operator on-going

Internship to implement this new formulation of
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