Reply to Reviewer 1

We thank the Reviewer for their helpful feedback. We tried to incorporate as many suggested
changes as possible and as a result believe the manuscript is improved. If a change was not
enacted fully, we justify our position in the reply.

Running the forecast simulations for 24 hours causes wind profiles near the surface to slow down
because there is no pressure-gradient force to counteract friction. This provides an opportunity to
assess whether assimilated environmental observations can improve the wind profile. If we
generate a nature run simulation using the same procedure, the QLCS would be much weaker
because there is little wind convergence along the frontal boundary. Because a primary goal of
this study is to create a tornadic QLCS, we plan to keep the current nature run configuration.

We agree that it is important to highlight that this study introduces a methodology to generate an
initial ensemble that is degraded. We added the following to the abstract on lines 13—14: “This
purposely degraded initial forecast ensemble provides an opportunity to assess whether
assimilated environmental observations can improve, e.g., the wind profile.” We also added the
following to the introduction on lines 86—89: “These techniques lead to a purposely degraded
initial ensemble that contains robust non-gaussian errors, such that the profiles from the nature
run are often out of the ensemble spread. This ensemble of simulations allows for evaluation of
the data assimilation system described herein.” 1t is also discussed elsewhere, e.g. conclusions.

We re-ran the forecast ensemble without data assimilation (we call this the “NoDA” case). We
added the NoDA curves to our now Figures 11-16 per the Reviewer’s request. We opted against
including the nature run in Figure 13 because the resolution differences do not allow for a fair
comparison of updraft volume characteristics (not apples-to-apples).



We agree with the Reviewer and have added the requested figure (new Figure 15) using member
25. We plot the reflectivity at the lowest model level for the nature run and forecasts at 30
minutes and 150 minutes to match Figure 14.

We turned off radiation and surface friction to ensure that the median profile of the initial
environment remained unchanged, and to avoid initiating spurious convection, which would alter
turbulent processes. While 12 hours is longer than most BL processes, we need to simulate
several eddy-turnover cycles to reach a kind of quasi-statistical equilibrium, such that the
generated structures are robust and representative of a realistic boundary layer under the
considered conditions.

We politely disagree with the need for limits to be specified and/or the limits suggested in the
comment. The manuscript notes that the impact of the perturbation decreases with distance from
the western and bottom domain bounds. In Eq. 1 mentioned here, cosine can accept 0 exactly,
which happens at the western and bottom bounds, and that case maximizes the perturbation since
cos(0)=1. While we could say that x, y, z should be positive, that’s not technically a requirement
either based on the formulation of B and the fact that cosine is an even function.

We agree with the reviewer and have changed f(x)' to f(y) to f p(x) and f W(y), respectively, to

denote that the functions relate to perturbations and waves.

We now make this clear (ensemble physics) in the Section 3 intro and on line 217.

We now clarify these in the text (no cloud scheme, nature run is 3D, coarser ensemble uses 1D).



Fixed.

We amended the figure to improve legibility.

We chose not to focus on this area of analysis in the current work, but may do so in a future
study.

We agree with the Reviewer and have added mention to this point on line 37.

We updated Fig. 11 to state root mean square error based on the recommendation of Reviewer 2.
We agree RMSE is a more appropriate phrase since we are not comparing the prior/posterior
against simulated observations.



