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Review of the paper “Dynamics of aerosol, humidity, and clouds in air masses travelling

over Fennoscandian boreal forests” (ACP 2022-264) by Meri Räty et al.

 

The paper describes changes of aerosol properties, humidity and cloud properties that
appear in originally clean marine air masses when they are transported over boreal forests
in Scandinavia. The properties of the air masses under investigation stem from long-term
observations with high quality instruments in Hyytiälä, Finland, as well as from MODIS
satellite observations. The selection and differentiation of the large set of air masses is
done based on back-trajectories calculated with the HYSPLIT model.

The study is of interest to the ACP readership and it is generally well presented. However,
there are major questions about the findings related to water vapour and clouds and
about the presented calculation of the “Time over Land (ToL)”. Although this concept was
used before in another publication (Petäjä, 2022), it needs to be clarified to what extent
the given ToL really represents the time in which interactions between emissions from
forests and the air mass finally analysed took place. A re-calculation of ToL may require a
potentially time consuming new analysis of the data set. I recommend that the paper may
be published after major revisions. This will also require that the authors either clarify my
major concerns or that they re-evaluate their data set.

 



Major comments:

Introduction: It remains unclear how the fact that the forest’s properties are potentially
changing with climate change is related to your study. This may of course be a motivation,
but it is written in way that the reader expects new insights about changes in the air
masses under investigation throughout the 11 years period that you look at.

Line 96-98: I am irritated with this description of “recycled water”. This is simply part of
the global water cycle and both, evaporation from water surfaces like oceans and lakes, as
well as evapotranspiration over land contribute to precipitation over continents.

Line 138 – 165: You describe the “time over land” as the time a backward trajectory that
arrivies at Hyytiälä was at a geographical location that is somewhere over the land areas
given in Figure 1. In addition, you assume that there will be some type of forest growing
on this land surface and that this interacted with the air mass before it was characterised
by the observations performed at (or over) Hyytiälä. Despite the fact that the type of
forest/trees that various air masses with similar ToL may have been in contact with will be
very different, this interaction will only take place when the air mass did not travel in high
altitudes. If the air mass travelled well above the planetary boundary layer, it is not likely
that significant impacts of the underlying forest will be visible. Therefore, your ToL
analysis may be better based on “time over land within the PBL” if you want to draw
conclusion out of potential air mass modifications.

Line 168: Figure 1 does not demonstrate convincingly that there is enough forest existing
in Fennoscandinavia to support your assumption that there is an influence of tree
emissions on an air mass when the trajectory is over land.

Line 195-211: As you explain, cloud fraction can be related to any type of cloud, not
necessarily to low level clouds, only, for which a modification of their properties through
aerosol particles observed at ground level can be expected. This might have a strong
impact on your analysis that is not discussed. You might also try to get additional
information on the height of the clouds and restrict your data set to low level clouds.

Line 195-211: Please give more details on the MODIS Level-2 Cloud Product. When is the
overpass? Is this the “main time window” mentioned? What is the spatial resolution of
individual cloud pixels? Some of the informations is given later but it should be presented
here.

Line 254 (and in the following figures 3, 5, 6, 8, 9): On which basis do you define these 4
groups? Why don’t you use median values and percentiles for each ToL bin?



Line 318-329: In my opinion, you cannot conclude that air masses with longer ToL have
higher specific humidity (q) because you most likely only see a temperature effect, with
warmer air masses having higher saturation pressures. You discuss this, but still I think
that you should avoid giving the impression that there is a causal relationship between
ToL and q. This is also supported by the fact that you do not see a clear relationship with
RH. In the analysis of the temperature dependence on ToL you also mix effects of
seasonality with weather patterns and you neglect effects of vertical air mass transport.

Figure 6: It remains unclear why you reduce the bin size to 1 h.

Figure 7: What can I learn from this figure? It just shows the Clausius Clapeyron equation
and that relative humidities cover a wide range at a given temperature.

Line 370: “A modest increase seems to occur after ToL exceeds approximately 50 hours.”:
You should check whether these differences are statistically significant.

Section 3.3: It looks like your analysis of COT and CF does not reveal any dependence on
ToL: This might be connected with the relatively low number of cases that you could
analyse, but it may also be related to the fact that you mix all types of clouds.

Section 3.4: Again, you should check whether the differences you see are statistically
significant. In addition, one would expect that ToL mainly reflects different weather
patterns and is not a variable that can explain the amount of rainfall observed at Hyytiälä.

Line 442 – 450 and Figure 10: In my opinion, you again see mainly the dependence of
water vapour saturation pressure (and therefore q, CWT and also precipitation rate) on
temperature. It is misleading when you try to explain differences in arriving air masses
with ToL.

Line 473/474: This sentence is obscure and needs to be rephrased. Nevertheless, I think it
correctly says what you see and the ToL analysis that you put on top of it does not reveal
new insights or links with the aerosol size distribution that you want to demonstrate
(according to the introduction).

Line 501 – 504: I cannot see where you showed a link between cloud reflectance and CCN
in your study.

 



Minor comments

Line 43: the forest

Line 60/61: “climatically relevant sizes” is a not well defined expression. Please rephrase.

Line 65: which VOCS do you have in mind when you mention “other common BVOCs”?
Please add examples.

Line 72-74: “While not exclusive …“. This sentence is unclear. Please explain in a different
way what you want to say.

Line 80: correct „potentiantially“

Line 85: correct „photosynthesising“

Line 237: I assume this is from 1 April to 30 September. You should exactly specify this.

Line 269: remove “s”.

Line 286: rephrase “until a seemingly balanced is reached”.

Line 305 appear to be

Line 366: “The number of successful daily observations also varies slightly, which may
also lead to some days having better representation than others.”: It remains unclear
what you want to say.

Line 368: is shown



Line 470: omit the first “was”

Line 509: established
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