Answer to the Anonymous Referee #2 comments

Dear Referee,

We are grateful for your comments and suggestions adding valuable inputs to improve our
manuscript. Based on your pertinent remarks, we revised our paper and made respective changes
and improvements. We think the revised version will address all of your points as well as the
comments made by reviewer 1.

1. Scientific data and results sometimes are not presented in a very clear way, and the manuscript
structures sometime mixes state of art text with results, which make the ideas difficult to understand.

Response: Following your suggestions we clarified the manuscript structure respectively.

2. Presented results are sufficient to support conclusions but | would recommend improve the
conclusions section with some discussion about the data sources issues (e.g. debris flow database,
daily precipitation, CWT) that the authors faced in this study and that can be important to the use of
this methodology in other study areas.

Response: We agree with your remark. We would like to improve the conclusion section with
discussion regarding data source issues you mentioned above.

3. Number and quality of figures/tables — | strongly recommend to reduce the number of figures.

Response: We support the referee's assertion that number of graphs should be reduced in revised
version of the manuscript. We removed Figure 4 from the manuscript. We joined Figures 11 and 12
as well as A2 and A3 into two figures. We also produced one panel plot joining the figures 16-17 and
A4-AS.

4. English language deserves a moderate revision.

Response: Many thanks for the comment. We will carefully check the manuscript again and improve
the language in the revised version.

5. The title includes statistical characteristics of mudflows but in practice the main purpose of this
work is to relate mudflows with the role of synoptic processes. | suggest removing the statistical
characteristics from the title.

Response: We agree with the referee to remove the words “Statistical characteristics” from the
manuscript title. The new title will be “The Role of Synoptic Processes for Mudflow Formation in the
Piedmont Areas of Uzbekistan”

6. In the introduction section it misses geological characteristics of the country in order to understand
the mud flow distribution, conditioning and triggering factors. Also the last paragraph of the
introduction section is not mandatory to understand the work, so | suggest removing this paragraph.

Response: Geological characteristics of the basins was shortly described on page 7, section 3.2.
Mudflows in Uzbekistan, lines 14-20. However, we consider your suggestion and we will add
description about country’s geological characteristics in the manuscript introduction. We also
remove the last paragraph from the introduction section.



7. Section 2.1 — Data — in this section is not clear how many meteorological stations will be used in
this study and which one is located in the mountains and which one is located in foothill zones. This
must be clear as also the data period of each station.

Response: We will include additional information regarding stations data period, location and
elevation in the respective section of the paper.

8. Section 2.2 — Methods — in this section misses a subtopic concerning the SWT. This text can be
added from page 8, section 4.1, where authors mix the state of art of SWT with the results. With this
change the methods text will include all methods used in this work. In this section it must be
explained how the mudflows around the climatological stations were selected. It was used some kind
of buffer or other criteria? Please explain this in the text.

Response: We will add text to the Methods section related SWT by removing text from the page 8
section 4.1. We will also explain how we selected the mudflows around four climatological stations
for this manuscript.

9. Page 5, first paragraph — When authors refer some examples of works that used the calibrated
antecedent rainfall model, the reference Zézere et al (2015) did not used this method as you can
verify in the original source. It was used in a previous work by “Zézere and Rodrigues (2002) Rainfall
thresholds for landsliding in Lisbon Area (Portugal). In: Rybar J, Stemberk J, Wagner P(eds)
Landslides. Lisse, A. A. Balkema, pp 333—-338".

Response: Many thanks for the valuable recommendation. The literature review was corrected and
the related reference was added.

10. Section 3.1 — general climate conditions — second paragraph — “the long term climatological
shows. . ..” — please refer how many years correspond to this long period of climatological data.

Response: Here we added the related reference.

Page 6, line 7: “Chub (2007) confirms that long-term climatology based on 50 stations data (some of
the stations have more than 100 years historical records) in Uzbekistan shows....”

11. Page 6, line 25 — “The spatial distribution of the average precipitation. . .” — again please refer
the period of this data.

Response: Period data was referred to the Figure 4 (1961-1990). However, in revised manuscript we
removed the figure due to the cartographical issues that we couldn’t improve and we added the
related reference (Chub, 2007) as it was consistent with the figure results.

12. Section 3.2 — mudflows in Uzbekistan — you should specify which are the data sources of the
archive data of mudflows.

Response: We have added the data source (Uzhydromet) on page 7, line 6: “The archive data of
mudflow occurrences in Uzbekistan has been collected by Uzhydromet since then.”

13. Page 7 line 26 — why do you use the terms episodes and events of mudflows? It has the same
meaning? Please clarify this topic in the text.

Response: We proposed to mean mudflow occurrences by using the terms episodes and events in
page 7 line 26. Yes, it has the same meaning.



14. Authors relate the highest peaks of mudflows in the 1930s, 1960s and 1990s. | ask if these peaks
can be related with some land use changes occurred in the country.

Response: We agree that this is relevant and important question that requires further research.
However, according to Chub (2007), apart from the natural causes the number of recorded
mudflows can be increased due to the several factors which often interact to generate mudflow
occurrences in Uzbekistan. Social-economic factors such as residential and industrial activities below
unstable hillslopes accelerate soil creep as well as accumulated materials in channels decrease the
roughness condition by overloading with fills which can potentially increase the probability and
impact of mudflows. We expanded the discussion according.

15. Sections 4 and 5 are more related to the results presentation, so the text needs to be improved
and better structured. In the section 4.1 the text must be limited to the results and the part related to
the methods can be included in section 2.

Response: We agree. We removed the first paragraph from 4.1 and we included the text in section 2
Methodology part of the manuscript and improved the text.

Notes about the figures: This work should reduce the number of figures and tables.

Response: We followed this recommendation and reduced the number of figures in revised
manuscript.

1. Figure 1 — it misses a scale and a north arrow in the map, and also the name of the neighboring
countries.

Response: We summarised both reviewers’ feedbacks on Figure 1 and produced a new graph
presented below.
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Figure 1. Mudflow occurrences for the years 2005-2014 in areas with high probability of mudflow passage in Uzbekistan:
Zerafshan Basin (blue dots) in central part of the country; Fergana Valley (red dots) in the east; Chirchik-Akhangaran Basin
(orange) in the north-east; Surkhandarya (green) and Kashkadarya (violet) rivers’ basins in the south of Uzbekistan. Map also



represents political administrative divisions and administrative centers/cities of the country. Map does not include inland water
resources.

2. Figure 2 — figure caption is confusing. It can be only methodological flowchart.

Response: We have changed Figure 2 caption from “Schematic diagram of pathways by which the
stages of investigation presented in this paper” to “Methodological flowchart of the investigation
process presented in this paper”

3. Figure 3 - these stations are located in which basin?

Response: We added information regarding the location of the stations in each basin respectively.
We also changed the colour to increase visibility of the figure.
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Figure 3. The 30-year means (1984-2013) of monthly temperature (°C, red line) and precipitation (mm, green bars) in four
selected stations namely Gallyaral in Zerafshan Basin (a), Chimgan in Chirchik-Akhangaran Basin (b), Mingchukur
representing Kashkadarya and Surkhandarya Basins (c) and Sokh in Fergana Valley (d) with high occurrences of mudflow in
Uzbekistan. Graphs have different scales.

4. Figure 4 — this map has several cartographical problems. The legend and the north arrow should
be reduced because its size is over exaggerated in comparison to the map size. Erase the title
“distribution of precipitation” because the figure caption will detail that information. Again it misses
the scale in this map. This figure caption can be simply “total annual precipitation. . ...” because there
is no need to repeat that this is a map.

Response: We would like to improve this figure, however, it was adapted from the presentation
material



https://www.unece.org/fileadmin/DAM/env/water/meetings/Assessment/Almaty%20workshop/pdf
/dayl/Agaltseva UZ Climate Change.pdf in Russian by Natalya Agaltseva (Uzhydromet) on “The
impact of climate change on water resources in Uzbekistan” (page 7, bottom left graph). Reviewer 1
has suggested to remove the Figure 4, and we agree with him as long as we cannot improve the map
due to the data access used in this graph.

5. Figure 6 — the figure caption can be only “Monthly mudflow frequencies. . .”
Response: Many thanks. Done.
6. Figure 7 — it misses the legend of the codes used in this figure in order to be understandable.

Response: Figure 7 was presented as originally published. However, due to the first reviewer and
your kind suggestions we produced a figure based on the reference material and added information
about the nature of the flow.

Figure 7. Scheme of synoptic weather types in Central Asia and Uzbekistan during the cold (a) and warm seasons (b) of the
year (after Inagamova et al., 2002). Blue and red cursors indicate relatively cold and warm air trajectories approaching to the
investigation area (grey background). Abbreviations and numbers of each weather type explained in Table 1 of Appendices.

7. Figure 8 — please specify for which area corresponds this graph.

Response: Generally, this figure relates to the whole study area, precisely for the whole country.
Figure 8 was produced for illustrative purposes only.

8. Figure 10 - b) it misses the legend of the triangles or put the name of the stations in the figure. C)
include the units of the legend (Fig10c) and remove the blue from the legend because it has no
cartographical representation.


https://www.unece.org/fileadmin/DAM/env/water/meetings/Assessment/Almaty%20workshop/pdf/day1/Agaltseva_UZ_Climate_Change.pdf
https://www.unece.org/fileadmin/DAM/env/water/meetings/Assessment/Almaty%20workshop/pdf/day1/Agaltseva_UZ_Climate_Change.pdf

Response: Many thanks for the comment. First anonymous referee has also suggested minor
improvements in Figure 10. We summarised both reviewers’ suggestions and we improved the
figure as presented below.
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Figure 10. a) Location of the study domain together with the 16 grid points and central grid point (40N-67.5E, red
circle) used in the automated weather circulation type; b) Investigation area shown in rectangle and location of selected
stations (black triangles) around the central grid point 40.0 N-67.5 E (red circle) of CWT objective method. Stations:
Gallyaral (40.02 N-67.60 E), Chimgan (41.57 N-70.00 E), Sokh (39.97 N-71.13 E) and Mingchukur (38.70N — 66.90
E); c) ERA-Interim orography map and the location of central grid point (red circle) together with representative four
stations (black triangles).

9. Figure 11, 12 and A2 and A3 can be joined in two figures. In the first figure you can put a) and b)
for the 4 study areas (one page) and in the second one you can put c) and d) for the 4 study areas
(one page). With this solution you reduce the number of figures and also the reference of these
figures in the text will be clearer. Also reduce the figure caption of these figures, removing some text
that can be referred in the text.

Response: Many thanks. Done.
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Figure 11. Contribution of CWT classes to the observed precipitation over the stations Gallyaral in Zerafshan Basin (a),
Chimgan in Chirchik-Akhangaran Basin (b), Mingchukur representing Kashkadarya and Surkhandarya Basins (c) and Sokh
in Fergana Valley (d) for warm (Mar-Aug) and cold (Sep-Feb) seasons for the years 1984-2013. CWT days - frequency of
each class in percentage; % total precipitation - contribution of each class to the overall precipitation; mm/day - daily
average precipitation per CWT. The figure has different scales.
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Figure 12. Box plots show daily precipitation (1984-2013) per CWT class in four representative stations namely Gallyaral
(Zerafshan Basin), Chimgan (Chirchik-Akhangaran Basin), Mingchukur (Kashkadarya and Surkhandarya Basins) and Sokh
(Fergana Valley). The blue and red lines represent 0.90th and 0.95th percentiles of the precipitation for each class. The graph
has different scales.

10. Figure 14 — reduce the length of the figure caption because it is too long and include the example
in the text, not in the caption.

Response: Many thanks for the comment and for suggesting this improvement. We revised Figure14
by adding more precisely figure caption and we also proposed to make a minor correction to the
figure.
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Figure 14. Anomaly of mudflow days per CWT class (grey bars, grey axis, %) and CWT classes for mudflow days (red line,
red axis, %) for the March-August period between 1984 and 2013 in five regions: a) Zerafshan Basin (101 days); b) Fergana
Valley (147 days); c) Chirchik-Akhangaran Rivers Basin (57 days); d) Kashkadarya Basin (35 days); e) Surkhandarya Basin
(44 days). Figure has different scales.

Explanation of the Figure 14 will be added in the text:

“Red line is CWT for mudflow days: 1018 days from total 5520 climatological CWT days in warm
season associated with cyclonic circulation over Zerafshan Basin and only 25 days or 2.5 % from total
cyclonic days (red line and red scale) resulted mudflow occurrences in Zerafshan (Figure 14a).
Similarly mudflow anomalies or values compared to the average occurrence of mudflows (1.8% or
101 days out of 5520) in this region increased nearly 35% on cyclonic days (grey bar and grey scales).
However, frequency of anticyclonic days shows 1.3 % (13 anticyclonic mudflow days out of 1012
anticyclonic totals) and decreases more than 20% compared to the average mudflow occurrences.
During the investigation period E, SE and S classifications highly unlikely resulted mudflow events in
Zerafshan subsequently representing missing values in figure.”

11. Figure 15 — include the meaning of the red lines in the graphs.

Response: Thank you for the comment. We have added short description of the red lines in figure
caption: “Figure 15. Antecedent Daily Rainfall Model applied to the representative stations
Gallyaaral (a), Chimgan (b), Mingchukur (c) and Sokh (d) for the period 1984-2013. Red lines and
curves indicate 0.1%", 0.5" and 0.9"" probability threshold triggering mudflow occurrences in
respective regions. Equations from Table 4 used for calculation of the probability lines in selected
stations”

12. Figure 16, 17, A5 and A6 in my opinion are not necessary to understand the results. Please
consider remove these figures or other alternative to reduce the number of figures.

Response: We have joined all these figures into one figure.
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Figure 16. Threshold probabilities initiating mudflow occurrences per CWT class in the stations namely Gallyaaral,
Chimgan, Mingchukur and Sokh (panel columns) for the period of March-April 1984- 2013. Black dot is day without
mudflow, green triangle — days with probable mudflow, red triangle is a day initiated mudflow occurrences in the study area.
Red lines and curves indicate 0.1™, 0.5™ and 0.9™ probability threshold triggering mudflow occurrences per CWT class.

Notes about the tables: 1. Table 1 — it is necessary to put the unit of each row of the table.

Response: Many thanks. Done.



Table 1. Mudflow disasters causing fatalities and other relative damages over the period 2005-2014 in Uzbekistan (Data source: Uzhydromet)

@ Infrastructure damages Agricultural crops
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2005 860 1 2 200 69
2006 7 175 2 152 165 118 22
2007 8 1 6 15 7 3 2 6
2008 7 413 1 0.3 5 49 747 261 123
2009 8 498 80 14 5 2 966 834 56 18
2010 8 41 6 2 7 5 3
2011 2 94 50 0.5 1 52 483.5 318.6 0.12 10.1
2012 5 773 3 2.7 25 6 1 55
2013 1 31 0.012 2 6 3 200
2014 4
Total 38 2893 135 10 68 25 5 177 2548 1655 174 382
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