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1. Introduction

In the recent years, several improvements were developed by Fabrice Voitus in the semi-implicit
scheme reference profiles. The new implementations are available in the CY48T3_deode branch. Some
of the changes address the way the SI reference temperature is considered in the model. The new
method was designed such that it allows dynamically chosen SI reference state parameters SITR and
SITRA. The purpose of the stay was to test these new options and to study the benefits they bring in the
dynamic part of the ALARO model.

2. Code implementation
2.1 Description of the new changes related to SI reference temperature

Currently, the SI reference temperature value in the model is a constant throughout the whole
integration. It’s value may differ according to the expected temperature value appearing in the domain
(changing with the meteorological situation, or the domain chosen). A new approach is proposed
through which the SI reference state parameters SITR and SITRA are computed from the current
temperature values in the domain. The NOPT_SITR option was introduced for this purpose. Possible



choices for this option are: 0 for constant SITRA, 1 or 2 for vertically and time dependent SITRA. The
reference temperatures SITRM and SITRAM for each level are computed as follows.

Let RTMIN(l) be the minimum of spectral norm of RT/R4 taken at vertical level 1, RTMAX(]) be the
maximum of spectral norm of RT/R, taken at vertical level 1 and let M=max(RTMAX(1),1=1,...,L).

Let RTPMIN(]) be the minimum of spectral norm of RTn/(R4 p) taken at vertical level 1 and let
N=min(RTPMIN(]),1=1,...,L). Let ZSIFRA=2.4.

1) When NOPT_SITR=1:
For vertical level 1, it is defined
SITRM(l) =M+min( SITR-M, (RTMAX()-RTMIN(1) )
2
SITRAM(JLEV) = N/ZSIFRA,

and it is limited to change M about at most 50K.

2) When NOPT_SITR=2:

For vertical level |, it is defined

SITRM(l) =RTMAX(1) +min( SITR-M, (RTMAX()-RTMIN(]) )

2
SITRAM(JLEV) = RTPMIN(]) /ZSIFRA.
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Figure 1: Vertical profiles of SI reference parameters connected to temperature, grey lines represent
the minimum and maximum profiles of real temperature in the atmosphere.



Figure 1 shows the visual representation of the vertical profiles of the reference parameters starting
from a real temperature profile chosen for exemplification. The new calculations are found in the
routine reset_sidyn_param.F90.

2.2 Description of the NL residuals based diagnostic

In order to have an objective evaluation of the changes introduced with these options, a
diagnostic was added in the code that may check the values of the nonlinear residuals for pressure
departure and temperature. We expect that the dynamically chosen reference temperature would lead to
lower nonlinear residuals in the prognostic equations for temperature, divergence and non-hydrostatic
model variables. The computation of this diagnostic was introduced in the routine latte_nl. Routines
lacdyn and cpg_dyn were modified accordingly. The changes were made under the namelist key
LNLDIAG.

3. Experiments and results
3.1 500 m resolution experiments

Tests were done in the model version cy48t3_bf03 with added modset from Fabrice Voitus, on
belenos supercomputer from Météo-France. In order to evaluate the new changes, we needed to
identify a case that was not stable or with a temperature drop in relatively short time. Several extreme
weather cases were identified. Model runs were performed for these cases, for the following
configuration: 500 m horizontal resolution, 87 vertical levels, tstep=20 s. The selected domain has 384
x 648 points and its orography is depicted in Figure 2. For parameterizations, the ALARO version 1 is
used with ISBA scheme for surface, 3MT, TOUCANS model 2, radiation of ACRANEB?2 and
microphysics. Here, we show results for the case of 26.08.2023, for the 00 UTC run and 24 hours
forecast range.

Figure 2. Orography of the model domain used for the 500 m resolution experiments.



The integration was stable with the reference setup described above, so in order to see when the
run would become unstable, the timestep was gradually increased. For an experiment using a timestep
of 60 s, norms started to look noisy, but the integration was still stable. Going even further, when the
value of 120 s was used, the experiment crashed. Using option NOPT_SITR=1 or NOPT_SITR=2 led
to the same result. However, this value of the timestep is unrealistic for this resolution. Then it was
found that even for a case when the run was stable with NOPT_SITR=0, the tests with NOPT_SITR=1
crash. Afterwards, a bug was found in the routine update_sidyn and the experiments were repeated.
With the new code, the experiments with NOPT_SITR=1 and 2 were stable, though some differences
appeared in the norms. For the experiment with NOPT_SITR=2, the norms look more noisier for
pressure departure (Figure 3).
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Figure 3. Norms for experiment with NOPT_SITR=0 (first row), NOPT_SITR=1 (second row)
and NOPT_SITR=2 (third row) for the case of 26.08.2023, 00 UTC, tstep=20 s.



The differences that appear when either of the two new options is employed in the calculation of
the SI reference temperatures can be related to the range of values the new vertically dependent
parameters SITRM and SITRAM take. Figure 4 shows their evolution throughout the whole integration
for options NOPT_SITR=1 and NOPT_SITR=2. The maximum and minimum values for each level are
considered. Regarding SITRM, we can see that the maximum values are quite similar between the 2
options (zoomed on the right-hand side of the plot), while the minimums differ to a larger degree. For
SITRAM, it was found that the maximum and minimum values are the same when NOPT_SITR=1. As
it concerns this parameter, the main differences between the 2 options are seen in the maximum values.
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Figure 4. Evolution of the whole domain maximum and minimum values of the parameters SITRM
(top) and SITRAM (bottom) for NOPT_SITR=1 (blue and lightblue) and NOPT_SITR=2 (red and
pink); the gray dashed lines show the values for NOPT_SITR=0.

The values of the nonlinear residuals were analysed for several forecast hours and vertical
levels. The differences between the nonlinear residuals for the reference experiment (NOPT_SITR=0)
and experiments with NOPT_SITR=1 or NOPT_SITR=2, respectively are shown in Figure 5 for



temperature. Differences between results for experiments with NOPT_SITR=0 and NOPT_SITR=1 are
quite small, while between NOPT_SITR = 0 and NOPT_SITR = 2 some larger values appear. More
areas appear where the values of the residuals are decreased in this case. When we check what happens
in the same experiments for a larger timestep (Figure 6) we can see that NOPT_SITR=1 has bigger
impact than before. However, while NOPT_SITR=2 leads to a larger decrease at many points, there are
areas within the domain where some increases in values were observed.
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Figure 5. Differences between the nonlinear residuals for temperature, level 50, the case of 26.08.2023,
18 UTC. Left — NOPT _SITR=0 compared to NOPT_SITR=1; right - NOPT_SITR=0 compared to
NOPT _SITR=2.

Figure 6. Differences between the nonlinear residuals for temperature, level 50, tstep=230s, the case of
26.08.2023, 18 UTC. Left — NOPT_SITR=0 compared to NOPT_SITR=1; right - NOPT_SITR=0
compared to NOPT_SITR=2.

3.2 200 m resolution experiments

Since it was not possible to identify so far an unstable case for the current setup in 500 m
resolution, it was concluded that the best continuation is to go to higher resolution experiments. The



200 m resolution case from 19.08.2022 set on Alpine domain was chosen in order to see the real impact
that the NOPT_SITR option could bring. The selected domain has 2048 x 2048 grid points and covers
the alpine region near the Italian, Austrian, German and Swiss borders, with the orography depicted in
Figure 7. The experiment with this case for the reference configuration (tstep=8s, NOPT_SITR=0,
SITRA=50K) showed that the integration is stable, though the spectral norms for pressure departure
and vertical divergence don’t present a very smooth profile (Figure 8). However, when testing
increased time steps (16 s and 20 s), the job crashes after 11 hours of forecast. Unfortunately, the tests
with NOPT_SITR=1 and NOPT_SITR=2 for this case crashed in the beginning of the integration. It
seems that for this case, when NOPT_SITR=1 or 2, the values of SITRAM range around 90K. The
same experiment with NOPT_SITR=0 and SITRA=100K is crashing as well. Thus the SITR and
SITRA has to be adapted accordingly for NOPT_SITR=1 and 2.
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Figure 7. Orography of the model domain used for the 500 m resolution experiments.
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Figure 8. Norms for experiment with NOPT_SITR=0 for the case of 19.08.2022.



4. Conclusions

The new dynamical option for reference temperature available in the CY48t3 branch were
tested for some cases in 500 m horizontal resolution settings. A diagnostic for the computation of the
nonlinear residuals was introduced in the code. Small differences are visible between the two new ways
of computation for parameters SITR and SITRA. In order to find some unstable case, we went to 200 m
resolution experiments. It was found that all configurations (NOPT_SITRA=0,1,2) crash with
SITRA=100K, and the reference configuration does not crash with SITRA=50K. Further exploration
with NOPT_SITR=1 and NOPT_SITR=2 is foreseen for the future.
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