Author responses to Referee 2 comments on the paper “Integrative and comprehensive Understanding
on Polar Environments (iCUPE): the concept and initial results” by Tuukka Petiji et al.

The authors are grateful for the referee for the comments, which improved the manuscript
considerably. We provide point-by-point responses below in bold and the changes in the manuscript
are in red.

The paper of Petdji et al. summarizes the aims and preliminary results of a project called “iCUPE -
integrative and Comprehensive Understanding on Polar Environments*. The main objective of the
project is to provide assessment of observational data (ground based, remote, and satellite) with focus
on Arctic. There is no doubt that the targeted issue is very relevant and the applied methodologies are
adequate. Because of the different aspects of the significance in the research field, the subject of the
paper is of great interest not only to the atmospheric and aerosol physics community, but also for a
boarder audience. Nevertheless, after reading the manuscript I am not convinced that the correct
manuscript type of the present paper is Research article. Although there are a lot of novel results and
scientific conclusions listed, the detailed scientific deduction of single methods, results, discussions,
and conclusions are missing. Therefore, in my opinion the manuscript is rather an Overview or a
Review article.

We agree with the referee. As already pointed out in our response to the referee 1, The more
suitable type of the manuscript is ‘“Special issue overview article’’. Upon submission, we were
not able to connect the paper to the PEEX special issue and this was done only at the technical
edit phase. We hope that the type can be changed in the next editorial phase.

However, for an Overview article the substantial results are not listed and discussed in the adequate
way, and only a few new papers and submissions from the project are cited (the most in Sections
3.7.3;3.7.2). It is also not clear for the reader what iCUPE exactly is. When has it started? When will
it end? For me the manuscript sounds rather as a progress report than a scientific research paper. This
is also reflected in the nonuniform presentation of figures and structure of sections. I suggest that the
Authors define at the end of the Introduction what they will present in the paper and why those issues
are important.

We have clarified iCUPE in the last paragraph of the introduction with the following edits:

“The iCUPE project aims to synthesize data from comprehensive long-term measurements,
intensive campaigns and satellites, collected during the project or provided by on-going
international initiatives.”

In the current stage, topics are just following each other. The only keyword connecting the topics is
“Arctic”, I could not recognize any other links among the sub-areas. As I mentioned, the paper is
nonuniformly structured and written, there are some section which are very well written (Section 3.3.)
or presented in a very detailed manner (e.g., Section 3.7.2.).

We included a short paragraph at the beginning of the results section to justify the order of the
sections and to help the reader to be able to follow our line of thoughts:

“In this section we summarize results and findings of iCUPE-project regarding the in-situ
observations (Sect 3.1-3.6) and the satellite component (Sect 3.7). Then we selected integrating



examples in Sect. 3.8, which include also method development and conceptualization. This is
consistent with the iCUPE concept as a whole (multiplatform observations, modeling,
synthesis, Figure 2).”

The Authors should pay heed that all figures are understood without reading the text, and that they
are described adequately in the text. This is definitely not the case for Figs. 1, 2, and 3.

We have edited the figure captions for clarity as follows:

Figure 1. A conceptual figure on processes affecting the atmospheric composition in the Arctic.
Atmospheric concentration of pollutants and their lifecycle in high latitudes are affected by local
and regional anthropogenic activities and long-range transport from lower latitudes. Pollutant
distributions and life cycles are modulated by transport patterns, changes in the biosphere,
increased natural resource extraction and increased shipping in the Arctic Sea. Various
feedbacks and interactions can either speed up or hinder the changes.

Figure 2. Integration of in-situ observations, satellite remote sensing and multi-scale modeling is
required to provide a broad view on the current status of the environment as a whole. The
multi-platform observational data and model data are cross-validated against each other. The
integrative concept of iCUPE incorporates data and knowledge from ground-based observations,
satellite remote sensing and modelling results providing a comprehensive view about the state
of the environment in the polar areas.

Figure 3. A map of atmospheric aerosol observation stations with year-round observations
within the Arctic provide a circumpolar view on the aerosol concentrations in the Arctic domain.

Furthermore, most of the figures are discussed poorly in the text.
We have clarified the figures and their connections to the text throughout the manuscript.

The most detailed discussion is provided for Fig. 30; including costs — is that really an issue for a
scientific paper?

It is true that the value of the observation network rarely comes up in the discussion as a part of a
scientific paper. However, the cost-benefit analysis is a valuable tool to address, on one hand, the costs
of the Arctic observation system and, on the other hand, the societal benefits arising from these
activities. This is depicted in Fig. 30 of the current paper, representing a value tree diagram and the width
of connections represents the costs of the nodes in the value chain. Within the iCUPE project we
performed analysis on the societal benefit of Arctic observations. The work is in progress, but it will lead
to a thorough cost-benefit analysis. Our work underlines the capacity to perform a yearly cost analysis
for the thousands of different stations and many satellites as well as modelling system involved to
produce key information for societal benefit areas.

In the following I list some minor comments to be considered when revising the manuscript:

Reference to Figs. 21, and 25 are missing in the paper.



The style to refer to the figures was unified. We added the missing references to Fig 6, Fig 21
and Fig 285.

Page 7, line 248: What are the ACTRIS and IASOA networks? And how are they connected to
Figure 3?

The Figure 3 summarizes the observational capacity in the Arctic with respect to in-situ
aerosol observations. The observational networks contribute to many networks, such as
ACTRIS, WMO-GAW, SMEAR and IASOA networks. In the sake of clarity, the specific
contributions to the particular networks are not shown in Figure 3 as they tend to change
over time.

Page 7, discussion about Fig. 5: the gradual reduction mentioned is not obvious. Probably a trend
line would help.

We have rewritten the paragraph with some extra information and added some additional
evidence from a recent dedicated study on trends with part of our data. As described in the
text an assumed linear trend although not acceptable as a rigorous trend analysis provides the
reader the evidence of the reduction. Despite the fact that this is not visually obvious (now
more evident with the help of the dashed line) an estimate is also given as a percentage per
decade in the text.

Page 8, line 270: Where is the simulation presented? And how? This is not clear here.

We clarified the sentence and added a reference to Fig 6:

The analysis is done using reanalysis meteorological inputs from the European Center for
Medium-range Weather Forecasts (ECMWF) on a resolution of one degree. The Potential Source
Contribution Function (PSCF) is applied on both tracers. Western Siberia appears as the main
source region on the PSCF analysis (Fig 6).

Page 8, line 280: Complex sentence, hard to understand, and to follow. The statements here are not
supported by concrete data or figure. Please refer them here.

Clarified, see above.
Line 355/368: Aladina was flying up to which level? 800 or 850 m? What is the red area in Fig 9.7

For clarification, we removed the sentence starting as ‘“ALADINA was operated from ground
to 800 m a.gl....”

The red area is now explained in the Fig. 9 caption:

“Flight path of the UAS ALADINA (start point in the center, marked in yellow) in order to study
the vertical and horizontal distribution of aerosol particles above ice surfaces near glacier and
over open water. Research flights were spatially limited by restricted areas (hatched in red), like
bird sanctuary near coast, instrument areas south of Ny-Alesund and no activity was performed



over inhabited buildings of the village. The TopoSvalbard map is obtained from Norwegian Polar
Institute, retrieved from http://toposvalbard.npolar.no. ©”

Figure 11b: In the figure different metrics are used for fluxes and reservoirs, so I suggest different
style/color for the numbers.

We edited the figure and clarified the difference with colors. The net fluxes (metric tons per
year, in black) and the reservoirs (metric tons, in red) are now more easily differentiated in
the figure.

Page 13, line 470: the linear approximation was carried out on Fig. 14a, and not on Fig. 14b, when |
understand correctly.

The Fig 14a depicts the trend in duration of MADE whereas the Fig 14b describes the log-
normal density function of the observations during different years.

We have clarified this in the text as follows:

“The histograms of the Hg0 concentration at Amderma during the different years is
presented in Fig. 14b. The probability density distribution of the Hg concentration was
lognormal for the monitoring period from June 2010 to October 2013. There is a significant
asymmetry in the left-hand region of the Hg" concentration probability distribution relative to
the arithmetic average, pointing to the fact that low Hg® concentrations are measured more
frequently. In 2013 this asymmetry was especially evident. The shift of the concentration to
lower values was due to the increased amount of Hg® depletion events recorded during the
winter seasons of 2010-2013. To assess the dynamics of Hg’, a linear approximation of the
average annual Hg’ concentrations for the lognormal distribution was calculated with the
reliability coefficient R? = (0.7 (Fig. 14b)

Furthermore, we removed the yellow background from the Figure 14b.

Lines 479-484: 1 just highlight this part as a prominent example making the reader confused. Have
you done that already, or do you plan to do that in the future, or you did it but published elsewhere,
or is this just for posing the problem?

Please see the comment above.

Page 19, line 731: Fig. 24: Dash-dotted line indicates the CloudSat overpass, not a dashed line
which is used for the grid lines. Further, the difference in the observed values is not obvious for a
non-expert reader.

The reference to the dash-dotted line was corrected. More explanation of the differences was
also added as follows:

“To prepare for the upcoming ESA Earthcare validation activities, preparatory studies were
performed on how ground-based radar observations can be used to validate space-based
radar observations of vertical profiles of clouds and precipitation. A comparison between
such observations, in this case we use CloudSat, is shown in Fig. 24. The figure shows vertical
profiles of radar reflectivity as observed using ground-based and satellite-based cloud radars.
As can be noticed there are detectable differences in the observed values. The CloudSat



observed values are higher at cloud tops and lower in precipitation if compared to the
ground-based radar. These differences are caused by attenuation of ground-based radar
measurements in rain and melting layer and in cloud and melting layer for CloudSat
observations. Therefore, a direct comparison of observed vertical profiles requires a method
that can into account the attenuation. As a part of iCUPE Li et al., (2019) has studied the
impact of melting layer of precipitation on cloud radar observations. The results of this study
will be used for the EarthCare validation in the future.”

Page 19, line: 737: Again, just as a prominent example. Does iCUPE only models/analyses/uses the
data collected from 2014 till 2017, or was that the part of the project?

To clarify this, the last sentence of the paragraph was edited as follows:

Using these studies showed that the measurements collected at Hyytidla, namely combined
observations of the surface snowfall observations and multi-frequency radar observations, show
the potential for verification of satellite cloud and precipitation retrieval algorithms in the
future.

Fig. 27: the details given for the model in the text should also been provided to figure caption.

We edited the Figure 27 caption as follows:

“Figure 27. Vertical profiles of scattering ratio on 14 and 15 April 2016 from Tomsk lidar (a)
and corresponding 5-day average map of AOD at 532 nm from MODIS (b) and of CO total
column in molecules cm2 from IASI observations (d). The red circle is Tomsk and the black
thick lines are the CALIOP overpass over Tomsk on April 14 at 21 UTC. Potential emission
sensitivity (PES) distributions of an aerosol tracer averaged for 9 days before the Tomsk lidar
aerosol layer observations below 3 km (e) and above 3 km (c) are calculated with backward
simulations of the FLEXPART model using dry and wet deposition of the tracer during

backward transport. ¢

Page 20, line 805: I think the lowest size limit for the aerosol measurement is 0.01 micron. At least
this is what I suppose from Fig. 28.

Correct. This is described in line 815 as follows:

“A Scanning Mobility Particle Sizer (SMPS) and Optical Particle Sizer (OPS) were installed
onboard Cessna FR172F aircraft (Schobesberger et al., 2013, Leino et al. 2019) to measure
aerosol size distribution from 0.01 to 0.23 um and 0.3 to 5 um, respectively.”

Page 23: Some part of the data flow should be written somewhere else in a statement at the end of
the paper, not in the main part. For example, which platforms are planned to be tested.

The paragraph was edited as follows:



As soon as a larger fraction of iCUPE data products are available, we explore different platforms
to disseminate the iCUPE data sets. To facilitate and standardize access to data cloud-based
online platforms, known as ...

In summary, I recommend the publication of the manuscript in ACP after major revision. I suggest
the authors to read the complete manuscript carefully and try to understand the scientific statements
of the co-authors. Please feel free to criticize and ask questions. I understand that this is a huge
amount of work, but that would definitely improve the quality of the paper and help non-expert
readers to understand the presented results of this very important topic.

We thank the referee for the encouraging comment! With the joint effort from the authors,
we edited the manuscript to improve the quality as a whole.



