Review of the Paper: "Simulated Mixing in the UTLS by Small-Scale
Turbulence Using Multi-Scale Chemistry-Climate Model MECO(n)" by Chun
Hang Chau, Peter Hoor, and Holger Tost

The paper studies the representation of mixing due to turbulence in the Upper Troposphere and
Lower Stratosphere (UTLS) region. It is an important topic, but I have serious doubts regarding the
methodology employed and some of conclusions. I think, the following major comments should be
addressed before considering the paper for publication.

Major Comments

1. Model Validation

The authors utilize a multi-scale model framework with increased vertical resolution to represent
mixing events due to Clear-Air Turbulence (CAT). However, I do not find any validation of this
approach that ensures its suitability for studying CAT effects on mixing. True, the authors compare
the Turbulent Kinetic Energy (TKE) produced by the turbulence scheme with a turbulence index,
but this index is computed from the same model data and contains terms (such as the shear term)
that enter the TKE equation itself. How does the predicted TKE compare with observations? Why
should the proposed resolution (horizontal and vertical) be sufficient to study turbulent exchange in
the UTLS?

To address this question to some extent, the authors can compare the simulated TKE in the CM10
and CM40 models. The limitations of the present approach should be stated clearly in the
introduction and conclusions, especially considering the stated objective (line 55) of analyzing the
representation and efficiency of turbulent tracer mixing in the UTLS.

2. Sponge Layer Depth

Another critical point in this study is the tiny depth of the sponge layer (5 km), which is
significantly less than the 11 km used in the CM40 and CM10 configurations. Typically, the sponge
layer accounts for about half of the vertical domain extent. The authors should comment or provide
a reference explaining why 5 km is a reasonable choice for the high-top model configuration.
Additionally, how do they ensure that wave reflections from the model top do not affect the UTLS
region?

3. Simulation Setup

Any motivation for the choice of the selected geographic and temporal window for the simulation is
missing. What is the large-scale configuration of meteorological fields, and why is it expected to be

favorable for Stratosphere-Troposphere Exchange (STE)? The authors show a high turbulence index
over the selected region (Fig. 3), but they do not discuss a possible underlying cause. Is the elevated
turbulence index due to shear in the jet stream, is it caused by gravity waves or something else?

Large-scale climate models also use the TKE equation, but the simulated shear is often too low. If
the authors comment on the processes responsible for the increased shear in their high-resolution
simulation, it would be valuable for readers working on improving large-scale climate models.



4. Missing Simulation Details

Important details regarding the simulation from Sec. 3 are missing: What are the initial conditions
used for the tracer? It is stated that the tracer gradients are initially linear, but the gradients in Fig. 5
are far from linear. How long does it take to reach the state shown in Fig. 5? When was vertical
diffusion switched off—at the very beginning of the simulation, or only just before the particular
event.

5. Analysis of Mixing and Exchange

Tracer-tracer correlations are used to discuss the direction of troposphere-stratosphere exchange.
While this is a valuable diagnostic in observational studies, given the model data, is it not possible
to diagnose the diffusive fluxes directly (using the equation on page 4) and confirm the findings
from the tracer-tracer correlations?

Additionally, it is not immediately clear to the reader how the mixing direction can be inferred from
a delta tracer-tracer correlation. For example, at line 209, stronger downward mixing is concluded
from Fig. 9. A more extensive explanation of the interpretation of the novel delta tracer-tracer
correlation would be helpful here.

Minor Comments

» Fig. 5: What is the longitude of this cross-section? Can you indicate it in Fig. 4? It would be
better to present in Fig. 3 and Fig. 4. results corresponding to the event from Fig. 5

* Figures 8, 11, and 12: How is mixing defined in these figures? What are the units [dO3ST]?

* Figures 9 and 10: These figures show different mixing regimes compared with the balanced
bi-directional mixing from case 1. It would be informative to show the corresponding
vertical cross-sections of the tracer and tracer difference (vdiff on-off) as in Fig. 5.

* Section 3.3.3: The introduction states that turbulence provides irreversible mixing, but here
only the scatter in Fig. 10 is associated with irreversible mixing. This section should be
rewritten for clarity, and the discussion and conclusions from Fig. 10 should be more
precise.

* Figure 9: Is the correct time 05:00 or 04:00 as stated in the text?

* Line 154: Change "vdiff oof" to "vdiff off."
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