Validation of the new 3D diffusion routines for COSMO 5.3
Michael Baldauf (DWD), 28 July 2015

This short document is a supplement to the presentation

M. Baldauf
Around the 3D diffusion: stability and testing
given at the WG2/CELO meeting during the COSMO User Seminar, 05 March 2015 in Offenbach.

The main purpose of this new development is to strongly increase the numerical stability of the (terrain-
following) 3D diffusion in steep terrain. Additionally, due to some narrower stencils used, a slightly higher
accuracy compared to the old version may be expected. Further information can be found in the above
mentioned presentation.

The new development consists mainly in the completely rewritten subroutines
explicit_horizontal diffusion and implicit_vert_diffusion_uvwt_3D

and updates of the subroutines complete_tendencies_tke, complete_tendencies_trcr
in src_slow_tendencies_rk.f90.

Section 1 validates the implementation by comparison with exact analytic solutions of the diffusion
problem. Section 2 shows the good behaviour in a realistic test case.

All these tests have been performed with COSMO 5.2 together with the above mentioned new diffusion
routines for COSMO 5.3.

1 Idealised test results of scalar and vector diffusion

The following pages show test results for scalar diffusion and vector diffusion in preparation of the new
version COSMO 5.3.

Shown are the time steps n= 0, 500, 1000, and 2000 with a time step size of At = 0.5 sec. . The constant
diffusion coefficient has been chosen as K = 300 m?/s in both the scalar and the vector case. The grid
consists of 240*240*200 grid points. The underlying orography is sinus-shaped in both A- and ¢-direction
with a mountain height of 1 km and a maximum steepness of about 65°.

e left side: line plots along the z-axis through the center of the 'bubble’
black dashed line: analytic solution
red solid line: COSMO simulation

e right side: x-z-cross sections
black solid lines: analytic solution
colours + black dashed lines: COSMO simulation

A detailed description of the test and a stability analysis for the new discretization scheme is planned as
a reviewed publication, too.



1.1 Test of the terrain-following metric terms

For this test a ’larger planet’ with R=1000km has been chosen.

The results show a very good agreement between the analytic solution and the COSMO simulation in
sections 1.1.2 and 1.1.4 (with 13dturb_metr=.TRUE.) even for steep mountains with orography gradients
until about 65° for at least the first 2000 time steps (sec. 1.1.4). Furthermore, the simulation remains
stable even for this steep orography.

This planet is large enough, i.e. the atmosphere with a thickness of 10km is shallow enough, that
practically no deviation from the analytic solution steming from missing spherical metric terms and from
the approximation 1/r = const. is recognizable.

In contrast, sections 1.1.1 and 1.1.3, which run with 3D diffusion but without the metric diffusion cor-
rection terms, demonstrate the need of these terms in hilly terrain.



1.1.1 Scalar diffusion, without terrain metric correction terms
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1.1.2 Scalar diffusion, with terrain metric correction terms
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1.1.3
v, t=0000, ix=120, iy=120
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Vector diffusion, without terrain metric correction terms
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1.1.4 Vector diffusion, with terrain metric correction terms
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2 Real case study

As a real case test of the new 3D diffusion routines, a COSMO model run with a horizontal resolution of
2.2 km, 65 vertical levels until 22 km height and a time step of 20 sec. was used. It covers an area over
middle Europe and in particular contains the whole Alpine region.

The day chosen was the 12 May 2015, 06 UTC run. At this day the operational COSMO 2.8 km version
at DWD missed some convective events which produced heavy rain and intensive gusts.

In the following plots the variables total precipitation (1h precipitation sum), 2m temperature, 10m wind
velocity, and 10 maximum winds are shown for a simulation for all the 3D diffusion terms (on the left).
On the right side differences against the same simulation, but without any 3D diffusion (and appropriate
metric terms) is shown. Forecast time is 20 UTC, i.e. 14 h after model start. At this time differences
between the simulation with and without 3D diffusion are highest. Nevertheless the differences are in
general quite small. Larger differences seem mainly to be induced by a spatial shift in the structures. In
any case, the differences do not indicate any strange behaviour in the 3D diffusion.
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Start time: 12.05.2015 06:00 UTS C—DE 2.2km LB5 5.20ddMB_3dturbratr
Forecast fime: 12.05.2013 20:00 UTC

ternpercture in 2m [*C]

40
38
34
32
30
28
26
24
2z
20
15
16
14
12
10
a
3
4
2
Q
-z
—4
-8
-5
-10
-1z
-15
-20
-25
T 2m: Meun: 141577 Min: —3.2465 Max: 24,4679 Sigma: 408966
Start time: 12.05.2015 06:00 UTS C—DE 2.2km LB5 5.20ddMB_3dturbratr
Forecost time: 12.05.2015 20:00 UTC
I in 10 m [m/s] (shaded)
LT
e p
""""W s
Buose e
P R S g
RSP T
M e RPN,
AN
ety 75
el
- ’ 225
e 20
Lo

7

s
R i 1
1 ? 75
2 7071
PN y

iif‘\/ 1 My 5

,‘- b
i / 25
AR

v_10m: Maun: 51518 Min: 0.0017585% Max: 18.1324 Sigma: 302203

Start time: 12.05.2015 06:00 UTC
Forecast time: 12.05.2013 20:00 UTC

ternpercture in 2m, diff, [*C]

C—DE 2.2km LE5S 5.20ddMB_Jdturbmetr
— C—DE 2.2km LG5 5.2addMB

]

—a.5

T_2m_diff: Mean: 0.00134463  Min: —35.32883 Max: 5.60818

Start time: 12.05.2015 06:00 UTC
Forecast time: 12.05.2015 20:00 UTC
f_ 1] = 2] in 10 m [m/s] (shaded)

RM3E: 0.120632

C—DE 2.2km LE5S 5.20ddMB_Jdturbmetr
— C—DE 2.2km LG5 5.2addMB

]

w_10m_diff:  Mean: 0.000111

044 Min: —4.73713

Max: 7.47282

RMSE: 0.317063



Start time: 12.05.2015 06:00 UTS C—DE 2.2km LB5 5.20ddMB_3dturbratr Start time: 12.05.2015 06:00 UTC C—DE 2.2km LB5 5.20ddMB_Jdturbratr
Forecast fime: 12.05.2013 20:00 UTC Forecast time: 12.05.2013 20:00 UTC — C—DE 2.2km LG5 5.2addMB
max vl in 1G m [m/s] (shaded) M3L Pressure [hFa] (dist. iscl. 2.0 hPa) e [l in AG m, diff. [r/s]

wmax_10m:  Mean: 8.19831 in: 0.141409 Max: 27,1661 Sigma: 39702 wmax_10m_diffean: —0.0040731  Min: —7.20849 Max: 10,1343 RMZE: 0.442057
PHSL: Mear: 1017.65 Min: 100158 Max: 1030.74 Sigma: 5.88043

The relatively small change due to 3D diffusion can also be seen in time series of the maximum horizontal
wind velocity (left figure, red: with 3D diffusion, green: only 1D diffusion). Only the maximum vertical
wind velocity shows some differences (right figure) (remark: the total simulation time was 24h, the time
axis indeed shows these 24h instead of only 12h as erronously indicated).

18 T

*_JC-DE_2.2km _L65 5.2addMB_3dturbmetr’YUPRMASS add" u 13:8 " iC-DE_2.2km_L65_5.2addMB_3dturbmetr’YUPRMASS add" u 13:0
I\ *.JG-DE_2.2km_L85. 5.2addMB/YUPRMASS _add" u 138 "./G-DE_2.2km | L85, 5.2addMB/YUPRMASS _add" u 139

~ 2L
] 66 - \\ 1 H
5 5 10f
£
E 64 \ g
A sl
- /1 4
62 \, \
L,
\ 6
60 | \ J
,\ _ - Ve \A
58 | e - \ /7 4+ 1
./
\/
56 . L \ L , s . L . L ,
0 2 4 6 8 10 12 0 2 4 6 8 10 12
time [h time [h]



