Responses to Reviewer #2 to manuscript TC-2020-294

Thank you very much for your helpful comments to improve this manuscript.

Please Notes: Text in BLACK is the reviewer’ comments and our responses are in BLUE.

Specific Comments:

1. The author uses numerous abbreviations. It would be easier for readers to follow if the author
could apply a list of these abbreviations.

Response: Thanks for your suggestion. We added a list (Appendix A: Table A1) of main acronyms
at the end of this paper.

Table A1 The list of main acronyms in this study.

Acronyms Description

Ay The given area of an equilateral triangle

Ag The polygon’s area of the glacier's outer boundary
Al The final auxiliary line

Ay The ridgelines of the glacier surface

Gor The bare rock in glacier

G The final glacier centerline

Gy The feature lines of glacier surface

Gl The original glacier centerline

Grabi The length in the ablation region of the glacier
Glrace The length in the accumulation region of the glacier
Glmax The longest length of the glacier

GLmean The average length of the glacier

Gpi The polyline of the outer boundary of the glacier
Gpo The polygon of the outer boundary of the glacier
Lyax The longest glacier length of RGI v6.0

D The difference between Grua and L

P, The given perimeter of an equilateral triangle

P, The perimeter of the glacier's outer boundary
Prax The local highest point of glacier outline

Poin The lowest point of glacier outline

RGI The Randolph Glacier Inventory

SCGI The Second Chinese Glacier Inventory

ZLmed The median elevation of the glacier

2. It would be better if the author could provide more detailed, necessary explanations in the figure
captions. Not all the figures are self-explainable. For instance, in figure 4, why the background

elevation maps look differently in the first and second columns? For the DEM in the third column,



some areas are masked out. It would be better if the author could explain why and how these areas
are masked out.

Response: Thanks a lot for your comments. We renamed some figures in the manuscript.

Perimeter P, Simple glacier

Area 4,

Gpo Gy
Not simple glacier

Perimeter F,
Area 4,

+

Glacier polygon Gpo G Gor
Figure 3: The schematic of processing raw data (G, denotes the polygon of the glacier; G denotes

the polyline of glacier’s outer boundary; and G- denotes the boundary of the bare rock in glacier).
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Figure 4: The schematic of extracting auxiliary lines. (a) and (d) demonstrate the digital elevation
model (DEM) around the glacier; (b) and (e) show the ridgelines in region covered by DEM; (c¢)

and (f) show the auxiliary lines in glacier.
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Figure 6: The schematic of extracting centerlines and the longest centerline of the glacier. (a) and
(d) show the results after executing the European allocation, and the different colors represent the
regions which have the shortest distance to the corresponding edges of the glacier; (b) and (e)
represent the centerlines(Gy.), the local highest point (Puax) and lowest point (Puin) of the glacier;
(c) and (f) demonstrate the longest centerline (GLmnax) of the glacier and the background is the digital
elevation model with the graduated red (high)— blue (low) color.



Figure 7: The schematic of calculating glacier length (The red arrow represents the search direction

of the branches of glacier centerline).
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Figure 8: The centerlines for some typical glaciers (Pmax and Puin denote the local highest point and
lowest point in the boundary of the glacier, respectively; 4:; denotes the auxiliary lines; Gy and
Grmax denote the centerlines and the longest centerline of the glacier).
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Figure 13: The schematic of probable causes for the abnormal of the longest glacier length. In
Figure b, the red dashed line indicates the revised glacier centerline, and the yellow point is
the correct lowest point (P.in). In Figure c, the red dashed line represents the missing branch,
and the yellow point is a local highest point (P..) missed by the algorithm. In Figure d, the
black circle indicates some probable exits of the glacier, which needs to be divided into
individual glaciers before extracting the centerlines.
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Figure 14: The schematic of the longest centerline of the Tugebieliqi Glacier (Lmax: the
corresponding length of this glacier in the RGI v6.0; Du-£: the distance from west to east of this

glacier; Grmax: the length calculated by our method).
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Figure 15: The schematic of discontinuous short polylines. Subgraphs a-h represent type (i), i
represents type (ii), j represents type (iii) and k-1 represent type (iv). The background in subgraphs
a-h and j represent glacier-covered areas. Subgraph i shows several closed polylines, which does
not fill background color. The different background colors in subgraphs k-1 represent different

areas of the glacier surface after the European allocation.

3. Page 6, Line 118: it would be better if the author could explain more about each rule. For instance,
(1) why the local highest points must be higher than ELA? (2) Why a glacier has only one exit? The
author also mentioned that this single exit could cause problems (See Figure 13d).

Response: This paper takes the four rules as the preconditions for the implementation of the
algorithm, and clarifies that the processing unit of the algorithm is an individual glacier polygon
instead of a no divided glacier such as the ice sheet ice cap. The detailed explanation is as follows:
(1) As glacier heads, the local highest points are typically located at higher elevations. It is generally
considered to be higher than the altitude of 1/3 (Kienholz et al., 2014), or 1/2 glacier area, and
Median area altitude (latter: Zy.q) can be approximated as ELA (Machguth and Huss, 2014).

(i1) This study assumes that all glacier polygons are correctly divided into single glaciers, that is,
there is only one glacier terminus (exit). It is generally considered to be the lowest point of the

polyline of the outer boundary of a glacier.



(ii1) The auxiliary polyline is used to intervene in the generation of centerline for the upper part of
a glacier, so it only acts on the accumulation region of glaciers.

(iv) The feature polylines of the glacier surface are composed of the polylines of the outer boundary
of the glacier, auxiliary polylines, and the boundary of the bare rock area, which together determine
the flow direction of a glacier centerline.

In addition, the reason for this problem (Figure 13d) is that the glacier was not divided into a single
glacier in the Second Chinese Glacier Inventory.

4. Figure 2: (1) Could the author explain about extracting DEM and buffering DEM?

Response: In the flow chart of this research, boxes represent the process and the parallelograms
represent the results. Therefore, as show as in the flow chart, “buffering DEM” is obtained in the
process of “clipping DEM”. Specifically, "extracting DEM" refers to the clipping of the DEM,
which appeared twice: one is to use the buffering polygon of the outer boundary of the glacier to
clip DEM to obtain the "buffering DEM". Its purpose is to extract the feature information of the
glacier such as the lowest point, the local highest points and the auxiliary lines; the other is to use
the glacier polygon to extract DEM to estimate the ELA.

5. Figure 3: what is the difference between G, and G,

Response: We added the more complete captions in Figure 3:

Figure 3: The schematic of processing raw data (G, denotes the polygon of the glacier; G, denotes
the polyline of glacier’s outer boundary; and G- denotes the boundary of the bare rock in glacier).
Gpo denotes one glacier in 2D geometry (i.e., polygon), and G, denotes one glacier in 1D geometry
(i.e., polyline). Specifically, G,, represents the polygon of the outer boundary of the glacier, and G,
refers to the polyline of the outer boundary of the glacier. To identify them more clearly, we collected
them in the list (Appendix A: Table A1), as shown as the response to Comment 1.

6. Page 8, Line 142: it would be better if the author could provide more information about hydrologic
analysis.

Response: For a more detailed presentation, we added the workflow of hydrological analysis (the
shaded region in Figure A2) and changed the relevant description in the manuscript as follows:
Based on the inverse terrain method, the extraction of ridgelines was easily accomplished by the

workflow of hydrologic analysis.
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7. Page 9, Line 148: About identifying abnormal lines, was it done automatically or manually?
Response: It is identified automatically by the program. The whole process of the glacier centerlines
extraction is no one intervened from data input to results generation.

8. Page 9, Line 154: Could the author provide more information about the ergodic algorithms?
Response: This part is a detailed explanation of the five steps of post-processing the ridgelines. The
ergodic algorithms are shown in Figure A3, which specifically reflects in the following two aspects:
(1) Given a starting point from the set of all possible starting points of auxiliary lines, all the
ridgelines of corresponding glaciers are traversed to determine the line cluster composed of the
polylines directly or indirectly connected to it.

(i1) Given a line cluster, all the polylines that make up the line cluster are traversed to find the longest

ridgeline starting from the starting point.
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Figure A3: The diagram of the application of the traversal algorithms in the part. (a) 14 line
clusters in the figure are identified from all polylines; (b) Line cluster eight consists of five

polylines, the longest one is [a, d, e].
9. Page 9, Line 158: Could the author illustrate more about how exactly they screen auxiliary lines
using Py, Ps, and P;?
Response: P, is used to control the shortest auxiliary line, filtering some extremely short auxiliary
lines. Only the longest length of the line cluster is less than P, can be retained.
Ps is used to filter some extremely long auxiliary lines, and the given threshold is relatively large.
It has a particularity and is mainly aimed at some narrow and long glaciers.
Pj; acts as a switch. When the perimeter of the glacier's outer boundary is greater than the value,
parameter Ps will be used.
10. Figure 5: the definition of Natural division point is missing. It would be better if the author could
provide an example showing the natural division point.
Response: In order to make readers better understand the natural division point in this study, we
added a schematic of the natural division point, which is shown in Figure A4. It is determined by
the storage structure of the closed polyline. It is assumed that there is a set of coordinates [a, b, ¢, d,
e, f, g], which represents the vertex set (V) of a polyline (L). If L is a closed polyline, then g’s
coordinate of the last member of V' is equal to a’s coordinate. Although these two coordinates
represent the same position and L is also closed visually, a (the polyline head) and g (the polyline
end) are separated in data storage. A breakpoint is formed between a and g, which is the natural

division point in this paper.
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Figure A4: The schematic of the natural division point.

11. Page 12, Line 196: It would be better if the author could explain more about how Euclidean
allocation could get glacier centerlines from Gyz. To me, the Euclidean is the key part for extracting
the glacier centerlines. So I think it is worthwhile to illustrate more about it.

Response: We added more related descriptions, as following:

Original glacier centerlines (G.;) were achieved with the function of Euclidean allocation in ArcPy,
which needed the input of G, and setting the value of Ps. Firstly, the feature lines (Gp) after
automatically deriving by the program are input, and the function of Euclidean allocation in ArcPy
is called to generate the division glacier surface. Then the common edges between regions on the
dividing glacier surface are identified. Finally, the common edges are automatically checked and
processed to obtain G,

The function of Euclidean allocation in ArcPy is used to calculate the nearest source for each cell
based on Euclidean distance. It can be divided into three steps:

(1) As the input source locations, Gy is converted to the grid format with a spatial resolution of Ps
according to the ID of the polyline clusters;

(i1) The last step also generated a grid data with an extent of the bounding box of Gy and a spatial
resolution of Ps, which is equivalent to an equidistant scatter array, and can be used as the output
source locations;

(iii) By calculating the Euclidean distance between each output source location and the all input
source locations one by one, the closest input source (polyline cluster) is determined, and its ID is
assigned as the value of the output source location. The raster consisting of the updated output
source locations is then exported, that is, the raster of glacier surface after segmented by the function
of Euclidean allocation.

12. Pagel2, Line 197: The author uses the Peak algorithm to get the final glacier centerlines from

13



the glacier centerline. What is the purpose of this step? Figure 2 shows that the Peak algorithm is to
smooth the polyline. Why do we need to smooth the polyline?

Response: Glacier centerline (Grs) represents the main flow line of a glacier. The smoothing
algorithm can eliminate the zigzag pattern or irregular polylines in the result to make it closer to the
actual main flow line of a glacier. This is consistent with the processing methods of the other two
related papers (Kienholz et al., 2014, Machguth and Huss, 2014). The Peak algorithm selected in
this study is as same as that adopted by Kienholz et al., which is relatively simple and has a better
smoothing effect. The difference is that in this study, the zigzag pattern or irregular polylines are
caused by the lower spatial resolution of Euclidean allocation (depending on Ps: to trade-off the
extraction efficiency and the accuracy of the results), while in their study, those are caused by the
low-quality DEM.

Meanwhile, the risk of filtering is also very little, because the filtering result (shorter part) is always
consistent with the forward trend of glacier centerline.

13. Page 19, Line 287: It would be better if the author could provide examples showing that their
results are more consistent with the actual conditions of glaciers comparing with RGI v6.0.
Response: There are two reasons why the results of this study are more consistent with the actual
conditions of glaciers: (i) For some glaciers with large differences in the longest length of glaciers
extracted by the two algorithms, visual inspection can reveal this conclusion. (ii) The spatial
resolution of DEM used in this research is better than the RGI v6.0. Correspondingly, the results are
more consistent with the actual conditions of glaciers. As an example, figure 14 can reflect this
result to some extent.

In the past two years, we have been looking for a set of existing graphical data of glacier centerlines
that can be used for verification for this study. We also tried to ask the authors of related papers for
help in the form of E-mail. However, we did not get any available information.

Fortunately, RGI v6.0 provides the numerical data of the longest length of glaciers, and most of the
corresponding glacier polygons are derived from SCGI. We used the field of GLIMS ID shared by
the two sets of data for matching, and finally obtained the set of numerical data that was used to
verify the results of this research.

14. Page 19, Line 291: The tolerance here is 90 meters (3 pixels of DEM). It would be better if the
author could explain why they choose this value.

14



Response: The main reason for choosing 3 DEM pixels (90 m) as the tolerance is that the spatial
resolution of DEM used to calculate the longest glacier length in RGI v6.0 is 90 meters. Another
reason is that in this study, whether the selection of the local highest points or the process of the
Euclidean allocation (given maximum P8: 30 m), at least 3 pixels are needed to determine a local
highest point or an effective vertex of glacier centerline.

Therefore, this is based on the theoretical maximum error of this study and the minimum error of
the longest glacier length in RGI v6.0 as the tolerance of statistics.

15. Page 19, Line 292: If I understand it correctly, I suggest the author rephrase the sentence as
“There were 22017 glaciers within the tolerance, 925 glaciers with negative Dy and 15111 glaciers
with positive Dy that are out of the tolerance.

Response: It has been modified.

16. Figure 13: For 13b, c, and d, where is the correct glacier centerline? Also, in figure 13d, what
do these black circles mean? Please add more information in the figure caption (See comment 2).
Response: We added more information to the caption of Figure 13:

Figure 13: The schematic of probable causes for the abnormal of the longest glacier length. In Figure
b, the red dashed line indicates the revised glacier centerline, and the yellow point is the correct
lowest point (Ppix). In Figure ¢, the red dashed line represents the missing branch, and the yellow
point is a local highest point (P..) missed by the algorithm. In Figure d, the black circle indicates
some probable exits of the glacier, which needs to be divided into individual glaciers before
extracting the centerlines.

The revised Figure 13 is shown in Figure A5. We added the correct centerline and the lowest point
in subgraph b, and added the local highest points missed by the algorithm and the revised glacier

centerline to subgraph c. At the same time, we updated the legend in the new figure.
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Figure AS: The revised Figure 13.

17. Figure 15: Please add legends of regions with different colors or illustrate them in the figure
caption. Please consider numbering each subfigure (See comment 2).

Response: The revised Figure 15 is shown in Figure A6. We ranked the 12 sub-graphs from a to |
in the revised Figure 15 and added more detailed caption:

Figure 15: The schematic of discontinuous short polylines. Subgraphs a-h represent type (i), i
represents type (i), j represents type (iii) and k-1 represent type (iv). The background in subgraphs
a-h and j represent glacier-covered areas. Subgraph i shows several closed polylines, which does
not fill background color. The different background colors in subgraphs k-1 represent different areas

of the glacier surface after the European allocation.
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Figure A6: The revised Figure 15.

18. Figure 15: In the first two figures of the second row, where is the abnormal start point? In the
fourth figure of the second row, why it is due to abnormal DEM?

Response: The gray polylines in Figure 15 represent glacier outlines. Intersection points of glacier
outline and 4; is the anomaly starting point in the first two figures of the second row (subgraphs e
and f). We added these intersection points to the figure and the corresponding legend (See figure
A6).

In the figure (subgraph h) in the second row and fourth column, 4; is a straight line. There are
generally two reasons for this situation: (i) the corresponding area is a flat surface with a slope of
almost zero; (ii) the topography of the corresponding region is extremely complex, and the quality
of DEM is too poor. The elevation values in a region are almost same because they are derived by
interpolation. In the accumulation region of a glacier, the latter accounts for the vast majority. Thus,

it is believed that this situation is caused by the abnormal DEM.



Technical Corrections:

Page 5, Line 85: Consider to change “arcpy” to “ArcPy”.

Response: It has been modified.

Figure 2: In the part of the extraction of centerlines, it seems that Gejine and Ggr should switch their
position according to the author’s definition.

Response: We rewrote acronym of each parameter to clarify their meanings, listed in the Appendix
A (Table A1) and can also be found in the response to Comment 1.

Page 9, Line 148: In the third part of the post-processing, is it “numbers” or “members”?
Response: It should be “members”, and refers to the elements that make up a line cluster.

Figure 9: Consider changing “inexact” to “inaccurate” for consistency.

Response: It has been modified.

Figure 12: Consider changing “DL” to “D;” in the figure caption. For the figure on the right-hand
side, the blue color should represent the number of +Dy, if I understand it correctly.

Response: It has been modified.

References:
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calculation of center lines, The Cryosphere, 8, 1741-1755, doi: 10.5194/tc-8-1741-2014, 2014.
Kienholz, C., Rich, J. L., Arendt, A. A., and Hock, R.: A new method for deriving glacier centerlines
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2014, 2014.

18



	Responses to Reviewer #2 to manuscript TC-2020-294
	Specific Comments:
	1. The author uses numerous abbreviations. It would be easier for readers to follow if the author could apply a list of these abbreviations.
	2. It would be better if the author could provide more detailed, necessary explanations in the figure captions. Not all the figures are self-explainable. For instance, in figure 4, why the background elevation maps look differently in the first and se...
	3. Page 6, Line 118: it would be better if the author could explain more about each rule. For instance, (1) why the local highest points must be higher than ELA? (2) Why a glacier has only one exit? The author also mentioned that this single exit coul...
	4. Figure 2: (1) Could the author explain about extracting DEM and buffering DEM?
	5. Figure 3: what is the difference between Gpo and Gpl.
	6. Page 8, Line 142: it would be better if the author could provide more information about hydrologic analysis.
	7. Page 9, Line 148: About identifying abnormal lines, was it done automatically or manually?
	8. Page 9, Line 154: Could the author provide more information about the ergodic algorithms?
	9. Page 9, Line 158: Could the author illustrate more about how exactly they screen auxiliary lines using P4, P5, and P11?
	10. Figure 5: the definition of Natural division point is missing. It would be better if the author could provide an example showing the natural division point.
	11. Page 12, Line 196: It would be better if the author could explain more about how Euclidean allocation could get glacier centerlines from Gfl. To me, the Euclidean is the key part for extracting the glacier centerlines. So I think it is worthwhile ...
	12. Page12, Line 197: The author uses the Peak algorithm to get the final glacier centerlines from the glacier centerline. What is the purpose of this step? Figure 2 shows that the Peak algorithm is to smooth the polyline. Why do we need to smooth the...
	13. Page 19, Line 287: It would be better if the author could provide examples showing that their results are more consistent with the actual conditions of glaciers comparing with RGI v6.0.
	14. Page 19, Line 291: The tolerance here is 90 meters (3 pixels of DEM). It would be better if the author could explain why they choose this value.
	15. Page 19, Line 292: If I understand it correctly, I suggest the author rephrase the sentence as “There were 22017 glaciers within the tolerance, 925 glaciers with negative DL and 15111 glaciers with positive DL that are out of the tolerance.
	16. Figure 13: For 13b, c, and d, where is the correct glacier centerline? Also, in figure 13d, what do these black circles mean? Please add more information in the figure caption (See comment 2).
	17. Figure 15: Please add legends of regions with different colors or illustrate them in the figure caption. Please consider numbering each subfigure (See comment 2).
	18. Figure 15: In the first two figures of the second row, where is the abnormal start point? In the fourth figure of the second row, why it is due to abnormal DEM?

	Technical Corrections:
	References:

