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Replies

Sina Hofer and Klaus Gierens

Answers to Reviewers
We thank the reviewers for the comments. For convenience, we repeat the comments and then give our replies, which are
printed in italics.

First, we want to mention, that we noticed in our evaluation, that ISSRs also appeared on the edges of the region under
consideration, which can distort the statistics and analyses if, for example, an ISSR extends beyond the area. For this reason,
we introduced a 500 km safety margin and did not take the ISSRs near the edges into account in the evaluation. We therefore
reevaluated our data, which is why the figures and numbers in the manuscript have changed slightly, the basic statement of the
paper has not changed.

Review 1:

This paper uses two months of data from the German Weather Service (DWD) aviation weather forecasts (WAWFOR) created
with ICON during the D-KULT project. Specifically, the manuscript aims to derive the kinematics of the center of probability
(COP) of ice supersaturated regions (ISSRs) and the wind speed at these points. The paper first describes the data set used and
then explains how ISSRs are identified and their respective COPs are determined. To monitor the movement and speedy of
ISSRs, the change in position at the location of the ISSR is determined by identifying pairs of ISSR between three consecutive
times. In addition, the extension (in the horizontal direction) is determined by the number of consecutive model grid points that
are flagged for ISSR. The horizontal extent is determined and a covariance matrix is used to calculate the rotation of the ISSR.
This information is then used to determine the ISSR kinematics in terms of speed, direction, and rotation, but also in relation to
the underlying wind field. The main idea of the paper, is to infer the advection of ISSR by the wind field, which is much more
accurately to predict than the ISSR themselves. This might provide insight into the life time and spreading of contrails. While
this idea is of general interest for mitigating contrail formation and spreading, where information about the location of ISSR
is needed, there are several major comments that have to be addressed before this paper can be considered for publication in
ACP. The specific major and minor comments are listed below.

Major comments:

1. The entire study is based on two months of data from the D-KULT project. While I understand that dedicated simulations
are limited in time, I see major problems with this short time span. Investigating only two months does not even cover a
single season of the year, and therefore does not account for changes in global and regional circulation patterns that can
occur throughout the year. Even more problematic is the general possibility that these two months and the derived ISSR
kinematics may be influenced by an atypical wind field. This would render the investigation and numbers unusable. The
authors should at least provide an overview of the general wind pattern in the area (direction, pressure systems) during
the two-month period and compare this period with, for example, the 10 year monthly averages for April and May. While
the problem of representation is briefly mentioned in lines 262 to 266, it should be made clear in the introduction and
summary.

REPLY: Thank you for the comment! We are aware that the data set is not generally valid for the whole year. At this
time, we only had this data and from June onwards there was a change in the data. However, we only wanted to use
the data before the change so that the months are comparable and that we avoid comparing apples with oranges. The
introduction has now a sentence at the end that states that only two months are considered.

We checked the large-scale circulation (german: Grosswetterlagen) for the two months and found, apart from the fact,
that the wind came rarely from the east, that a description of the large-scale circulation would need at least one addi-
tional page with text that distracts from the actual topic. This is a problem since the class of Grosswetterlage changes
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about every three days, and it is not fruitful to report this in a paper on ISSR kinematics. We tried as well an objective
circulation classification offered by DWD, but without success, because this has 40 classes, that is, more classes than
days per month, so the results for a single month are too noisy for robust results.

To show that the two analysed months in the manuscript are not months with exceptional meteorological conditions, we
additionally analysed the horizontal winds on 250 hPa in the study region for 12 months from 12 years (January 2017,
February 2014, March 2019, April 2022, May 2015, June 2024, July 2021, August 2018, September 2023, October 2016,
November 2013, December 2020). The distribution of wind speeds are shown in Figure 8. It shows the cumulative distri-
bution functions (cdf) of the two analysed months April and May as dashed black lines plotted on a Weibull probability
diagram together with cumulative distribution functions of the selected 12 months (every 4th day, with spring in the
Northern Hemisphere in green, summer in red, fall in yellow and winter in blue). The cdfs of the two months originally
analysed in the manuscript are in the middle of the others and show no particular outliers. All lines show a very similar
slope, only their intercepts differ slightly. Those of the warmer months/seasons tend to have higher intercepts than those
of the colder months/seasons. The Weibull pdf (probability density function) is relatively flat if the intercept is low (higher
variance, as in winter), and it gets sharper and more peaked with increasing intercept (lower variance, as in summer).
The wind directions of the two months used for the paper and the selected 12 months are displayed as wind roses in
Figure 7. The winds of each month are shown individually, divided into the 16 main directions. The numbers on the
x-axis show how often a particular direction occurs overall (the direction in which the wind blows). The colour coding
symbolizes the average speed of all winds in one of the 16 directions. The two months analysed in the paper (04.2024
and 05.2024) do not differ from the other months and in particular not from the other April and May from other years
(04.2022 and 05.2015). There is only one outlier among the other months (01.2017) in terms of speed. Everyone pretty
much agrees on the direction (mostly E, otherwise ENE).
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Figure 7. Windroses of the two months used for the paper and the selected 12 months.
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Figure 8. Cumulative distribution functions of the two analysed months April and May in the manuscript (u and v at the positions of ISSRs)
as dashed black lines plotted on a Weibull probability diagram together with cumulative distribution functions of April and May 2024 of the
whole analysed region in grey and the 12 months of 12 years, shuffled (spring in the Northern Hemisphere in green, summer in red, fall in
yellow and winter in blue).

2. Follow-up to major comment (1): Even if the two months are representative for an average April and May, these two
months, as mentioned in (1), cannot be considered as representative for a longer period of time, nor for the entire Earth.
In this respect, the title of the manuscript is too general and promises more than the study can deliver. Therefore, I sug-
gest two options:

(i) The authors explicitly mention the investigated time frame and the specific region in the title, e.g., Kinematic proper-
ties of regions that may involve persistent contrails over the North Atlantic and Europe during April and May. or

(ii) present the two months of data as a test case for their proposed method of inferring ISSR kinematics. This would also
require a rewording of the title, e.g., A proposed method to infer kinematics of ISSR applied to two months of aviation
weather forecast data. At the very least, it must be clear that the conclusions given in the study are limited to a very short
time period and a specific region, and are not as general as the title suggests.

REPLY: We agree and will change the title as suggested in the first option. The second option is not what we intend,
since it will be difficult to apply our method to other data, where usually PP C and P P Cpyop are not both available.

3. Throughout the manuscript, several statistical parameters are determined, while the information gained from the statis-
tical tests and parameters is not contextualized with existing literature or used later in the text. For example, in lines
177 and following, the Weibull distribution is introduced and used to fit the wind speed distribution. However, nowhere
in the text is the Weibull distribution compared to existing literature, nor is it stated what the information gained from
the fit can be used for. The authors mention that Dixon and Swift fitted Weibull distributions but what did they to with
the information? The authors should continue their discussion of the Weibull distribution and what its purpose is, e.g.,
where this information can be applied. The wind speed distributions are likely sensitive to season and location. It is also
a general deficiency of the manuscript and not limited to the use of the Weibull distributions that mere numbers and
statistics are given, but the discussion and conclusion of the analysis is short and potentially interesting ideas are not
followed to the end. Perhaps I missed the implications of several statistics, but then the authors should better clarify their
individual intentions behind the given statistics and parameters.

REPLY: There are several questions in this comment. Let us therefore begin with the basic one: why does one use distri-
butions to describe data?
If one has to deal with a large amount of data, it is generally neither possible nor interesting to keep all the values in
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mind or at least to remember the shape of a histogram. This is the fundamental reason why data are described statisti-
cally, typically using simple measures like mean values and standard deviations. In this way, information is condensed
and can be kept in mind and, in particular, it is more general than single values. We think, your first comment goes into
a similar direction where you ask for statistics of more than just two months.

The next question is, why we use a Weibull distribution and whether this has any implications. We add in the paper two
references from the literature of the wind energy business (Wais, 2017; Jung and Schindler, 2019). According to these
papers, wind speed distributions can be fitted to a number of analytical expressions (e.g. Gamma distribution, etc.), but
the Weibull distribution is by far the most used one (more than 90% of the papers). Although this literature deals for
obvious reasons with the wind in about 100-200 m altitude, it seems that the Weibull distribution does also excellently fit
the wind in the upper troposphere.

By the way, we have here another important reason why analytical expressions (distributions) are used to model wind
speeds: they can be used relatively easily in models for the expected energy gain from a wind turbine.

We have no answer to the question why just the Weibull distribution is so useful to describe wind speed distributions.
The answers that are reasonable in other circumstances do not fit for the wind. Neither is there a reliability context
that could be applied, nor a differential equation whose solution is the Weibull distribution (as in nearest neighbour
statistics). An interpretation via extreme-value statistics (where the Weibull d. is one of the three limiting distributions) is
neither possible. So this point must be left open. All that we can contribute here is a quote from Weibull’s original paper:
"The objection has been stated that this distribution function has no theoretical basis. But in so far as the author under-
stands, there are — with very few exceptions — the same objections against all other df [distribution functions], applied
to real populations from natural or biological fields, at least in so far as the theoretical basis has anything to do with the
population in question. [... ] It is believed that in such cases the only way of progressing is to choose a simple function,
test it and stick to it as long as none better has been found." (Weibull, 1951).

Additional consequences of the Weibull distribution are now added in section 4.1.1.

. Follow-up to major comment (3): Some of the results are not very surprising, maybe even trivial, as the authors them-

selves admit, for example in line 189. To make the study more informative and to use the potential of the proposed
method, it would be good to actually look at the ambient conditions - wind direction, speed, and temperature - where
significant differences between the kinematics of the ISSR (COP) and the wind field appear. Much more can be learned
from where and when differences occur than just identifying similarities between COP and the wind field.

REPLY: We find a maximum velocity difference between the ISSR movement and the wind of 61:27 m/s. This was recorded
on April 4, 2024, at 00 UTC (t,) at an altitude of 300:9 hPa. The COPs at the three time steps are located (longitude,
latitude) as follows:

— fortn 1: 9:24, 47:69,
— fortn: 9:77, 4749 and
— forta+1:  9:15, 47:75.

The situation is shown in Figure 9. The figure on the left illustrates the entire area and the one on the right the section
around the COPs (dark purple: at tn 1 and th+1; light violet: at t,). The green contours describe PP C =1 areas. In
the left figure, only the wind arrows within the PP C =1 areas are shown, while in the right figure, the wind arrows
are shown throughout the entire section. The black contour lines show the normalised geopotential height, and the red
and blue areas illustrate the vertical velocity (in blue: upward movement; in red: downward motion). The two COPs 1 h
before and after t,, are almost on top of each other, while the COP at ty, lies further west of it. Thus, the vector from tn, 1
to th+1 is also very short, which means that the resulting velocity for the ISSR movement at tn is very low. The wind,
however, blows strongly to the east. It is also noticeable that west of the COPs, the air moves downward, while east of
these, strong upward movements can be observed. This indicates that at the point of steep upward movement, new air is
constantly being supplied from below, which cools and increases its RHi. This means that new ISS is constantly being
created (or enlarged) at this point, while the horizontal wind component simply moves on. The gradient of the vertical
wind would probably show a maximum at this location. However, this case study only shows the explanation for the
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