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— one decade of observations” by Lukas Brunner and Andrea K. Steiner
Anonymous Referee #1

We thank the reviewer for the constructive and detailed review of our manuscript and for
providing many helpful comments and technical corrections. Please find our detailed response
to the comments in the following. The responses are highlighted in bold below each comment.

General comments: The paper is well-structured, making it easy for the reader to follow. Title and
abstract are excellent as they reflect the content of the paper quite well. Figures have a high quality.
The results are represented well, however, a detailed comparison to results of previous studies is
missing, especially in the summary and conclusion part. In addition, there are some statements that
should be clarified. The paper is written in a clear and comprehensible wording, however, some
technical corrections are necessary.

Specific comments:

1. Page 4, section 2.2: Please comment your choice. Why did you use those three reanalyses?

We used three of the more recent reanalyses (in particular MERRA-2 only recently became
available) which compare well against each other in terms of temperature and zonal winds
(e.g., Long et al. 2017) to investigate the representation of blocking in reanalyses and compare
it to RO.

We included this information and rephrased the respective sentence in Sect. 2.2, paragraph 1:
“Here, we selected three of the more recent reanalyses (Table 1), which compare well against
each other, e.g., in terms of temperature and zonal winds (e.g., Long et al. 2017), to investigate
their representation of blocking in comparison to RO: the European Centre for Medium-
Range Weather Forecasts (ECMWF) Reanalysis Interim (ERA-Interim), the Japanese 55-year
Reanalysis (JRA-55) by the Japan Meteorological Agency (JMA), and the recently published
second Modern-Era Retrospective analysis for Research and Applications (MERRA-2) by the
National Aeronautics and Space Administration (NASA).”

2. Page 5, line 24-27: Why did you define blocked days only for selected regions? Please add a
comment (pointing to Sect. 4.2).

We added an explanation to make our approach clearer. The respective paragraph at the end
of Sect. 3.1 now reads:

“To investigate the effects of blocking on temperature and humidity we further define blocked
days with respect to three selected regions. A blocked day is found if at least one grid point is
blocked in such a region. The regions are chosen to cover the areas of blocking maxima in
both hemispheres. These main blocking regions are, in the following, referred to as the North
Atlantic region (30°W to 10°E and 30°N to 72.5°N), the North Pacific region (160°E to 160°W
and 30°N to 72.5°N), and the East Pacific region (150°W to 90°W and 72.5°S to 30°S). The
coincidence of temperature and humidity anomalies during blocked days is tested statistically
(see Sect. 3.2) in order to investigate the effects of blocking on the atmospheric temperature
and humidity structure (c.f. Sect. 4.2).”

3. Page 6, line 30: Do you have a possible explanation why the differences are larger near the
maximum in the Euro-Atlantic blocking region?

As Fig. 1 (left) shows, in the Euro-Atlantic blocking region, the blocking maximum in RO is
shifted slightly to the east with respect to the maximum in reanalyses, which results in a larger
difference in the area of the reanalyses maxima but a smaller difference east of it. However,
from our study we are currently not able to determine the reason for that.

4. Page 7, line 1-7: Please make clearer that the underestimation of the RO data (mentioned in the
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previous paragraph) is also visible in the time series of the SH blocking frequency.

We added a comment stating the underestimation of RO in the SH at the beginning of
paragraph 2 in Sect. 4.1.It now reads:

“The right panel of Fig. 1 shows the SH blocking distribution. Again, all data sets agree on
the main blocking region in the South Pacific, with RO again showing a slight
underestimation of about 0.5%.”

5. Page 7, line 8-14: There were blocking events which lasted more than 30 days. One important
example is the blocking event in summer 2010 which caused a mega heat wave in Russia and floods
in Pakistan (e.g. Trenberth and Fasullo, 2012; Barriopedro et al., 2011; Hong et al., 2011). Since
blockings show fluctuations in intensity during their life-cycle, you do not always get a continuous
blocking signal with the common blocking indices. Thus, you are right, since you talk about
“continuous” blocked days. However, you should try to make this point clearer. Some readers could
wonder why such high impact blockings like the Russia heat wave block do not appear in your
ranking.

We thank the reviewer for this important suggestion. We added a sentence to make this clear.
The respective paragraph in Sect. 4.1 now reads:

“The most persistent and continuous blocking cases in the NH occurred in March/April 2007
(27 days), in December/January 2009/2010 (28 days), and in February 2015 (23 days). All
three cases were connected to unusual temperature anomalies, as e.g., discussed by Cattiaux et
al. (2010) for winter 2009/2010 with severe cold spells hitting Europe.

Note that blocking can show considerable fluctuations in intensity during its evolution so that
blocking cases may be interrupted by a few unblocked days and are not regarded as
continuous signal. An example is the sequence of blockings in summer 2010 (see e.g., Brunner
et al., 2016, Fig. 3) leading to a severe heatwave in Russia (e.g., Barriopedro et al., 2011).”

6. Page 7, line 10-12: Are these blockings related to high impact weather events?
The March/April 2007 blocking lead to unusually high temperatures for the season in the UK

(e.g., https://www.metoffice.gov.uk/climate/uk/summaries/2007/april; accessed 02/11.2017),
while the February 2015 blocking was connected to cold temperature particularly during

night (e.g., https://www.metoffice.gov.uk/climate/uk/summaries/2015/february; accessed
02/11/2017). Blocking occurrence in winter 2009/2010 and its impacts are discussed, e.g., by
Cattiaux et al. (2010).

We added this information in the paragraph in question, it now reads:

“All three cases were connected to unusual temperature anomalies, as e.g., discussed by
Cattiaux et al. (2010) for winter 2009/2010 with severe cold spells hitting Europe.”

7. Page 10, line 5: This is of high relevance and points to the limit of the used data set/method.
Emphasize this more strongly and point to possible consequences. This could be added somewhere
in the next paragraph (line 8-12). Once again, the Euro-Russian summer block (2010) could be
mentioned here (see comment 5.).

The reviewer is right that the underestimation of the blocking maximum over northern Russia
in summer is a shortcoming of the current RO data. We explicitly discuss the reasons for the
underestimation of blocking with the current RO record in the following paragraphs. In the
conclusions section (Sect. 5, last but one paragraph), we furthermore discuss upcoming RO
missions and near-future constellations and the increase in the number of RO measurements
(see e.g., Yue et al. 2014), potentially solving the undersampling of blocking in future.

8. Page 13, line 35: Could you explain why?

The reviewer raises an interesting point. In fact the anomalies near 200 hPa are quite similar
for both seasons, while the anomalies at lower altitudes are weaker in summer. A possible
explanation is that we compute the anomalies relative to the seasonal climatology and that, in
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general, tropospheric humidity is higher in summer than in winter. Anomalies in summer
might thus be less pronounced than in winter.

We rephrased the respective paragraph, it now reads:

"Specific humidity anomalies during summer blocking in this region are not statistically
significant in most of the troposphere. Stronger anomalies are only visible near the tropopause
and above, between 270 hPa to 200 hPa."

9. Page 16, line 10: What about the signals at 850 hPa?

We added a comment mentioning also 850 hPa, the sentence now reads:

“Specific humidity anomalies are strongest in the lower and middle troposphere between 850
hPa to 500 hPa and about 10% lower than in the North Atlantic region between 270 hPa and
200 hPa.”

10. Page 16, line 29: Do you have an explanation why the largest anomalies are found at lower
levels in the North Pacific region?

Specific humidity anomalies in the troposphere correlate strongly with the temperature
anomaly. In the North Pacific region temperature anomalies are stronger at lower levels,
compared to other regions. This might lead to the high specific humidity anomalies in this
region.

11. Page 18, section 5: Please compare your results with existing literature. It is not clear to the
reader if your findings about the vertical structure of temperature and moisture anomalies are
completely new. Does your findings (dis)agree with results from other studies?

A focus of our study is the investigation of the atmospheric structure during blocking events
in the RO data set. To our knowledge the RO data set has so far not been used for blocking
diagnostics except in a first demonstration study by Brunner et al. (2016). However, the
atmospheric response in general (e.g., positive temperature anomalies located in the region of
the block and negative temperature anomalies on the eastern and southern flanks in the
troposphere) is well known and is, e.g., described by Bieli et al. 2015.

We included additional references to recent studies at two places in Sect. 5:

“In the troposphere cold anomalies surround the central warm anomaly, indicating the effect

of advection of cold air from the polar region by the anticyclonic motion around blocking
highs which is in agreement with findings by Bieli et al. (2015).”
“However, the anomalies do not change sign at the tropopause, leading to inverse patterns of
temperature and specific humidity in the lower stratosphere. This behavior of temperature
and specific humidity anomalies at the tropopause level has recently also been noted by Sitnov
et al. (2017).”

Technical corrections:

12. Page 1, line 1: “high pressure” instead of “high-pressure”.
Done.

13. Page 1, line 11: “equatorward” instead of “equator-ward”.
We replaced “equator-ward” by “equatorward” throughout the manuscript.

14. Page 1, line 12: “anticyclonic” instead of “anti-cyclonic”.
We replaced “anti-cyclonic” by “anticyclonic” throughout the manuscript.

15. Page 2, line 1: Comma after “(NH)”.
Done.



16. Page 2, line 7: Comma after “(SH)”.
Done.

17. Page 2, line 7: Delete “about”.
Done.

18. Page 2, line 9: Replace “Also” with (e.g.) “Furthermore”.
Done.

19. Page 2, line 14: Please rephrase the sentence. Maybe replace one of the “and”s with “as well
as”.

We think the reviewer refers to page 2, line 16, where we replaced one “and”. The sentence
now reads:

“The systematic and global detection and analysis of atmospheric blocking as well as its

impacts set demanding requirements to the data sets in use.”

20. Page 2, line 17: Comma after “Hence”.
Done.

21. Page 2, line 24: Replace “Also” with “In addition”.
Done.

22. Page 2, line 32: Comma after “Sect. 2”.
Done.

23. Page 2, line 33: “Sect. 3” instead of “Section 3”.

We follow the AMT Manuscript preparation guidelines in our use of Section/Sect. and
therefore prefer to leave this as it is. https://www.atmoespheric-measurement-
techniques.net/for authors/manuscript preparation.html: “The abbreviation ‘Sect.’ should be
used when it appears in running text and should be followed by a number unless it comes at

the beginning of a sentence.”

24. Page 5, line 9: Comma after “summer”.
Done.

25. Page 5, line 9: “poleward” instead of “pole-ward”.
Done.

26. Page 5, line 10: “equatorward” instead of “equator-ward”.
Done.

27. Page 5, line 14: Replace “Simply speaking,...” with (e.g.) “To put it simple,...”.
Done.

28. Page 5, line 21: Replace “too small” with “smaller”.
Done.

29. Page 5, line 21: Comma after “step”.
Done.

30. Page 6, line 22: Comma after “In the Euro-Atlantic region”.
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Done.

31. Page 6, line 27: Comma after “In the North Pacific region”.
Done.

32. Page 7, line 4: Comma after “Pacific region”.
Done.

33. Page 7, line 6: Comma after “150W”.
Done.

34. Page 7, line 12: Comma after “SH”.
Done.

35. Page 7, line 13: Comma after “There”.
Done.

36. Page 7, line 18: Reference after “ERA-Interim” to Figure 1.
We are not referring to Fig. 1 in this context but to the differences in two-dimensional
blocking frequencies (not shown in the manuscript).

37. Page 10, line 1: Comma after “analysis”.
Done.

38. Page 10, line 6: Comma after “winter”.
Done.

39. Page 10, line 17: Comma after “SH”.
Done.

40. Page 10, line 21: “anticyclone” instead of “anti-cyclones™.
Done.

41. Page 10, line 23: Comma after “SH”.
Done.

42. Page 13, line 6: Add “(Fig. 5, left)” after “300 K”.
Done.

43. Page 13, line 6: Delete “about” before “300 K”.
We prefer to keep “about” here.

44. Page 13, line 7: Delete “about” before “500 K”.
We prefer to keep “about” here.

45. Page 13, line 7: Replace “At lower pressures...” with “At upper levels,...”.
Done.

46. Page 13, line 8: Delete “about” before “300 K” and add a comma.
We write now: “Beginning near 300 hPa,

47. Page 13, line 9: Delete “Higher up” and add comma after “stratosphere”.



Done.

48. Page 13, line 10: Replace “Further up,...” with (e.g.) “At higher altitudes,...”.
Done.
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