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This supplement presents the evaluation of the newly introduced enhanced vertical grid EH-84 and discusses whether EH-
84 performs comparably well to EX-60. In order to evaluate EH-84, we validate the CM10 output from EH-84 with ERA-5
reanalysis data (Hersbach et al., 2020) and also intercompare the EH-84 CM 10 output with EX-60. In addition, we performed

a sensitivity test of the model TKE on both horizontal and vertical resolution.

1 Basic meteorology
1.1 Comparison with ERA-5

In this section, the temperature and specific humidity of the CM 10 output from EH-84 are compared with the ERA-5 reanalysis
data. Since the model outputs from COSMO are height-based and the ERA-5 data are pressure-based, the COSMO output is
interpolated to the corresponding pressure level that matches with the ERA-5 data (i.e. 100 hPa, 125 hPa, 150 hPa, 200 hPa, 225
hPa, 250 hPa, 300 hPa, 350 hPa, 400 hPa, 450 hPa and 500 hPa). Figure 1 shows the temperature of the selected pressure levels
from COSMO, ERA-5 and the difference (COSMO— ERA-5) for 1st Feb 2016 which is the first day of the simulation. The
model results generally agree with the reanalysis data, the patterns of the temperature distribution are generally reproduced in
different pressure levels. Although there are some discrepancies between COSMO and ERAS, they are most likely because of
the slightly shifted distribution of temperature, the general patterns with the cooler and warmer air mass are able to reproduce
distinctly. Figure 2 shows the same plots as Figure 1 but for the last day of the simulation (7th Feb 2016). The model results
are still able to reproduce a similar pattern compared to the ERA-5 data. However, the COSMO temperature is generally cooler
than the reanalysis data, there is a systematic cold bias for the whole domain with at most more than 4 k cooler. Figure 3 shows
the specific humidity of the selected pressure levels for 1st Feb 2016. It can be seen that there is a generally good agreement
between the COSMO and ERA-5 data for most of the pressure levels except for the 100 hPa where COSMO is significantly
drier than ERA-5. Figure 4 shows the specific humidity for 7th Feb 2016. The specific humidity was still able to produce similar
patterns below 200 hPa. For the higher levels, the distribution starts to vary from the ERA-5 data, but most of them remain in
the same order of magnitude. Considering the large uncertainty for the UTLS water vapour in reanalysis data (Fujiwara et al.,

2022), the variation of the specific humidity is still within an acceptable margin.
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1.2 Discussion on the cold bias

In order to investigate whether the discrepancy (especially the cold bias) between the model and ERA-5 data corresponds to the
enhancing vertical resolution, the EH-84 output is further compared with the tested EX-60 output. The model setup for EX-60
is mostly consistent with the setup of EH-84 except for the vertical grid in order to investigate the effect of increasing vertical
resolution in EH-84. Both temperature and specific humidity show good agreement with only some slight differences in the
order of magnitudes (Figure 5, 6). To elucidate what is responsible for the cold bias, we then compared both the ERA-Interim
reanalysis data which initialized the simulation, the EMAC and CM40 output with ERA-5 data. Figure 7 shows the temperature
for the last day, ERA-I has no distinct difference when compared with the ERA-5 data. However, the EMAC and CM40 output
show a similar cold bias as the CM 10 output, which suggests that the cold bias from CM10 originates from EMAC rather than
the COSMO model dynamics or the enhanced vertical grid of COSMO.

1.3 Conclusion

To conclude, the enhanced vertical grid EH-84 for COSMO is able to simulate the atmosphere reasonably. Although there is
some discrepancy, the temperature pattern from ERA-5 is generally well produced by the model as well as the relative humidity.
The systematic cold bias that occurs in EH-84 is also found in EX-60, indicating that the occurrence of the cold bias is not a
result of the constantly increased vertical resolution in the UTLS. Considering the strong alignment between the EH-84 and
EX-60 output and the latter is well-tested and well-matched with the observation. The model output from the enhanced vertical

grid EH-84 can be seen as reliable and suitable to the needs of this study.

2 Sensitivity test

We performed sensitivity tests of the model TKE on both the horizontal and vertical resolution. Results show that TKE is
sensitive to the vertical resolution but not the horizontal resolution. The occurrence of high TKE values is more frequent in
EH84 than in EX60 (figure 9). The higher vertical resolution results in a more frequent high TKE occurrence. However the
occurrence of high TKE values in CM10 and CM40 have no distinct difference as discovered in EH84 and EX60 (figure 10),
the finer horizontal resolution does not result in a significant change on TKE. We further investigate the sensitivity of mixing
on different resolutions. The EH84 setup results in significantly stronger mixing than EX60 (figure 11) which is as expected
considering TKE is a crucial parameter in the turbulence scheme in COSMO. However, the mixing in CM 10 is also significantly
stronger than in CM40 (figure 12) even though there is no significant difference in TKE, such differences could be attributed to

the finer horizontal resolution providing a more detail tropopause which creates a stronger gradient that strengthens the mixing.
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