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This paper describes a detailed case study of an AR event that occurred in Norway. 
They investigated the causes of the observed W-shaped isotope evolution using vari-
ous methods focusing on below cloud evaporation, advection/mixing of air masses due
to frontal dynamics, and moisture source. They also explained the interpretations of 
isotope dynamics by past studies during the AR event in California. I think the content 
of the paper is beneficial to understand isotopic behavior in ARs, and it is worth pub-
lishing. However, the paper is overall very reader unfriendly. There are so many meth-
ods involved in this study with many acronyms and many redundant discussions.

I think we can condense the paper considerably and still be able to tell the key find-
ings of this paper.

1. In the Introduction, first describe the background of the study and then list key re-
search questions you would like to answer. The authors described precipitation -> 
isotope -> AR, and raised the first question of uncertain moisture source of AR in 
p2, line 18-19. Then, they went back to describe precipitation isotopes. The flow of 
the Introduction needs to be improved.

We will rephrase and shorten the introduction. In particular, exchanging the sequence 
of the first and second paragraph will improve the flow of the introduction. 

2. p3, line 10 – p4 line 11: This part is redundant and does not belong to the Introduc-
tion. It is mentioned later in my comment, but I think some of these citations need to 
appear in the Results section when you describe certain processes. Either list the key 
components in 1 or 2 lines, or remove this part.

We agree that this part can be shortened in the Introduction and corresponding refer-
ences included in the results. We will replace this section by a more general descrip-
tion of the threefold approach focusing on moisture sources, moisture transport, and 
post-condensation effects.

3. Remove p4 line13-22. Describe here what are your research questions and briefly 
explain how you are going to approach them.

Our research questions and approach are explained in the sections p3, line 10 to p4 
line 11 that the reviewer proposes to shorten and move. This section will be adjusted 
in the light of our revision to these sections.

4. Remove p4 line 24-25. Not necessary. 

We consider this a matter of style, and prefer to keeping this sentence, since it can 
provide a better flow of the methods section to some of our readers.

5. p4 line28: what is sharki.oslo.dnmi.no?

This is a data api for meteorological observations archived with the Norwegian Meteor-
ological Institute. This will be clarified in an additional sentence.



6. p7-8: why so many datasets are used? Could it be analyzed just by ERA5? I do not 
get the rationale for using this many data.

We agree that the rationale for using several meteorological datasets needs to be 
given. In brief, we used ERA-Interim as basis for the moisture source diagnostics and 
meteorological large-scale figures. ERA5 reanalysis provides hydrometeors at a higher 
time resolution, and was therefore used to produce Fig. 6. The regional operational 
forecast model data is available at much higher resolution than ERA5 or ERA-Interim in
the vicinity of our measurement site, and provides a more detailed view of the frontal 
passages. We think that with a more detailed explanation of the rationale, it will be-
come clear that the use of several data sources is a strength rather than a weakness 
of our study. The description of satellite data will be removed from this section.

7. Figure 1: just show either one. The aim of this study is not a verification of the satel-
lite dataset. ARs can be simulated well enough in reanalysis for this study purpose.

We will remove the satellite image and corresponding description from the manu-
script, and replace it with a short descriptive sentence.

8. Figure 2: Why do you use forecast data? Can it be from ERA5? Please consider re-
ducing datasets for simplicity.

We use the much higher resolution model with a limited domain for depicting the ap-
proaching frontal system (see comment #6). In particular, the local precipitation pat-
terns benefit from using the high-resolution forecast dataset.

9. Section 3.1 and Section 4: These parts are very redundant and painful to read. 
Some of the explanations appear many times when explaining different variables. The 
important thing in this part is to list key behaviors that you are going to investigate in 
Section 5. You do not need to list all behaviors shown in Figure 3. Therefore, I suggest 
rewriting it in the following format. First, describe how you separate the event into 4 
stages based on frontal conditions. Then, describe key behaviors in each stage (I -> 
IV). The content in sections 3.1 and 4 can be combined.

In our revision, we will rephrase sections 3.1 and 4, and consider combining them, fol-
lowing the reviewer’s suggestion.

10. p14 line14: Are there any common features in the past W-shape event? Such as 
frontal dynamics?

We will include a more detailed comparison to the interpretations in Muller et al., 
2015.

11. Section 5: In this section, I think it would be more accessible to add some more ci-
tations when interpreting results.

We will incorporate some of the citations from the introduction here, that will be re-
moved according to comment #3.

12. p15 line28-29: “does not yet...” I do not get it. Please make it more accessible. 
Also, I understand that positive ∆δ indicates strong re-evaporation, but what does 
“evaporation is incomplete” mean when it’s negative?
This is a typing error, and will be rephrased as «below-cloud equilibration is incom-
plete».



13. Figure 5a: Could you change the shape of the markers according to each stage? It 
isn’t easy to memorize when each stage starts so I think it’s helpful for readers.

This is a good suggestion and we will include this in the revised Fig. 5.

14. Figure 5b-d: I think it is helpful to use discrete colormap levels rather than con-
tinue colormap since you refer to some exact numbers in the text.

The colormap of the symbols is in fact discrete, but the colorbars showed up as con-
tinuous in the print. This will be fixed in the revised manuscript.

15: Figure 5: I do not understand how each line is calculated. For example, in Figure 
5b, which parameter is modified? RH?

The sensitivity experiments are described in appendix B. We will refer to this appendix
from the figure caption, and improve the explanation of the different sensitivity experi-
ments in the appendix. Regarding RH, the surface value was modified in the range 
from 64 to 100%, and then interpolated linearly to 100% at cloud based height.

16: Figure 5: It seems to me that overall RH, precipitation, droplet diameter only ex-
plain ∆d but not ∆δ. Droplet size seems to explain ∆δ variability to some extent but not
so clear. What could be the reasons?

For the first phase,indicated by letter A, the ∆δ and ∆d are anti-correlated regarding 
RR and RH. A possible explanation is, that the background vapour profile has a strong 
impact on the ∆δ, such that it dominates over below-cloud effects. We did not change 
the background isotope profile as part of our sensitivity tests. The time offset (about 
half an hour) between the surface vapour and precipitation isotope signals also plays a
role here. A brief discussion according to comment #16 will be included in the revised 
manuscript.

17: p17, line13-14: “coordinate system of drop-size dependent effects of RH on rain-
drops”? Please explain.

The sentence intends to present results of the sensitivity experiments plotted as lines 
in panels a-d as a coordinate system, that allows to identify the influence of different 
parameters, such as RH from the location of data points. We will rephrase this sen-
tence for clarity in the revised manuscript.

18: p18 line 2-3: more HDO is transferred to the liquid phase?

This will be rephrased into two sentences for clarity. More H216O leaves the liquid dur-
ing evaporation than light isotopes due to fractionation. However, due to non-equilib-
rium conditions, relatively more HDO than H218O will leave the droplet.

19: p19 line1: “This indicates the influence of the below-cloud exchange.” Is this true? 
I thought ∆d indicate the amounts of below-cloud evaporation. Some citations might 
help.

We use the term below-cloud exchange as an overarching term for both below-cloud 
evaporation and below-cloud equilibration, and yes, below-cloud evaporation domin-
ates the ∆d. We will clarify this in Sec. 5 and carefully check for when to specifically 
use the term below-cloud evaporation.

20: p20 line18-19: Could you make it more accessible?



We will explain with an additional sentence how the upper-level front contributes to an
excursion in the precipitation isotope signature.

21: p20 line22 and throughout: Is there any difference in meaning between “less de-
pleted” and “enriched”? Can we just use “enriched”?
We will use a more consistent language to denote relative isotopic composition 
throughout the manuscript.

22: p20 Line25: cite some papers on heating profiles and isotopes

We will include more references in this paragraph.

23: p20 line29 – p22 line3: I think we can remove this part or move it to supplement. I 
do not see any key messages in this part. Aside, Table 1 should be a figure to compare
simulation and observations.

The intention and key message here is to show the deficiencies of using a Rayleigh 
model interpretation with derived cloud top heights to predict the d-excess value. Ap-
parently we did not sufficiently motivate this analysis and highlight its importance (see
reviewer 2, comment). This section will be improved in the revised manuscript.

24: p22 line10 – p24 line6: This part overlaps with section 3 so make it short and com-
bine with section 3. The key message here is that the moisture uptake region coin-
cides with AR tracks. The right side of figure 7 is not necessary and distracting.

From our perspective, the logic of the results on moisture sources will be less clear 
and potentially confusing when this section is combined with Sec. 3. Some overlap 
with section 3 can not be avoided in this section, and we will consider shortening 
where possible. We will also consider replacing the right side of Fig. 7 with displays of 
IWV.

25: Figure 8: the colors of the first two dashed lines are a bit difficult to distinguish. 
Could you change one of the colors?

We will change one of the colours to green.

26: Figure 8: Could you also make figures of mean or medians of these pdfs since that 
is mainly discussed in the text?

We will include indicators for the median in the revised Fig. 8.

27: p28, line 34: If I understand correctly, Y10 uses isoRSM. Based on your discussion, 
can we consider the claims of Y10 are more reliable?

We consider the approach of Y10 as more comprehensive, and therefore as potentially
more reliable. However, comparison to paired vapour and precipitation measurements
are in our view needed to back this expectation with evidence, as we note in the con-
clusions.

28: Abstract line16-18: Make it more accessible to readers who only read the abstract.

We will attempt to rephrase the sentence.

29: Abstract line 20: “AR events in California”



This wording will be revised accordingly.

30: Abstract line 20-25: This part may not be suitable for the abstract. The conclusions
are too ambiguous.

We will consider rephrasing these conclusions, but note also that in our view the res-
ults obtained in Sec. 5.1 are sufficiently robust to issue a recommendation for careful 
interpretation.
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The research presented by Weng et al. deals in detail with winter 2016 AR event in 
Norway. Although the study is really interesting, some parts are a bit hard to read. 
This is especially obvious in parts of introduction, but as well in discussion. In general, 
discussion part of the paper is lacking references. As well, references should be writ-
ten properly and not using acronyms.

1. p3, line 10 – p4 line 11: This part does not belong to the Introduction and should be 
moved to later part of the manuscript.

In line with the comment from reviewer 1, comment #2, this will be changed accord-
ingly in the revised manuscript.

2. p4 line 13-22: This part should be rewritten in more concise way. 

This section will be revised for conciseness.

3. p4 line 28: the reference to web page should be written differently and should be 
listed properly in list of references. 

The reference to this website will be included according to journal style guidelines.

4. Same goes for P4 line 32 and P8 line 3. 

OK, see comment above.

5. p9 fig 1. I believe panel b would be sufficient since you are using ERA-Interm data. 
Thus, in p8 lines 4-5 are not necessary. 

We will remove the satellite data and according descriptions from the manuscript (see 
reviewer 1, comment #7)

5. p21 (Table 1 and line 3-16) it would be worthy to put observed data in the table to 
enable easier comparison. Doing so, this part of the text can be significantly re-
duced or even eliminated.

The observed data is already part of Table 1. In our opinion, text and table work well 
together, depending on reader preference. We will consider shortening part of the 
writing.



6. Fig 8. It is really hard to read it. Legend should be set to be representative for all 
panels (this way looks that is valid only for b panel). As well, please check solid and
dotted lines in figure description are designated properly. 

The legend will be moved to the outside of panel b, and lines will be offset for clarity. 
The figure caption will be corrected to be consistent with the legend.

7. p27, line 24. Other factors 

Unfortunately, we could not understand this reviewer comment.

8. p 28, line 7 ???
Unfortunately, we could not understand this reviewer comment.


