
Review of “Curved atmospheric rivers and their moisture remnants: a new detection 
tool for Antarctica” by Bu=et et al. 

This manuscript presents an updated Antarctic atmospheric river (AR) detection tool 
(ARDT), detecting ARs using their Kurvature (DARK) that builds upon the Wille Antarctic 
ARDTs (Wille-vIVT and Wille-IWV; Wille et al., 2019). The new framework uses IVT as the 
primary moisture detection field, applies a 98th percentile climatological threshold, and 
extends the spatial domain to the South Pole. These modifications allow the detection of 
ARs with complex geometries (e.g., curved, overturning, or crossing the South Pole) in 
comparison with Wille ARDTs. The method also introduces “AR-children,” interpreted as 
moisture remnants of ARs that do not meet full detection thresholds. Using this framework, 
the authors show that DARK ARs capture extreme events more eRectively than the Wille-
based ARDTs. 

Overall, the manuscript is well written and represents a valuable contribution to Antarctic 
AR research. I have several major and minor comments that may help improve clarity, rigor, 
and the strength of the manuscript. 

Major Comments: 

1. Interpretation of Guan and Waliser (2015, 2019) 

The manuscript states that the Guan and Waliser (2015, 2019) AR detection algorithm 
excludes ARs that curve or reverse (e.g., Lines 519–520). However, this characterization 
may not be entirely accurate. 

Guan and Waliser impose a directional coherence constraint, but this does not explicitly 
exclude curved ARs. Their criterion states that if more than half of the grid cells within an 
object have IVT directions deviating by more than 45° from the object’s mean IVT direction, 
the object is discarded. This condition does not prohibit curvature per se. In fact, Figures 2 
and 3 of Guan and Waliser (2015) show examples of ARs with noticeable curvature that 
satisfy the coherence criterion. 

Therefore, it may be more precise to clarify that the Guan and Waliser framework restricts 
directional incoherence rather than curvature or reversal outright. 

2. Comparison with Guan and Waliser ARDT 

In the manuscript, the authors emphasize that: 

“The DARK ARDT framework bridges the gap between the intensity-focused Antarctic 
schemes of Wille vIVT and IWV and the globally applied IVT-based approaches such as 
Guan and Waliser (2015, 2019).” 



Given that the Guan_Waliser ARDT is one of the most widely used global AR detection 
algorithms, a direct comparison with it would substantially strengthen the manuscript. 

Currently, the evaluation focuses primarily on comparisons with Wille-vIVT and Wille-IWV.  
Since Shields et al., (2022) have already compared Wille-based ARDT with several global 
ARDTs, including Guan_Waliser ARDT, it may be most useful here, at minimum, to apply the 
Guan_Waliser ARDT to the specific case studies shown in Figures 8–10. This would provide 
a complementary evaluation of DARK’s added value. 

My understanding is that in polar regions, Guan and Waliser apply a minimum IVT threshold 
of 100 kg m⁻¹ s⁻¹ to avoid detecting extremely weak moisture plumes. Over inland 
Antarctica, where IVT values are often below 50 kg m⁻¹ s⁻¹ (see Figure 1 in Guan & Waliser 
2015), this absolute threshold may limit detection. 

Therefore, over Antarctica, it may not be the directional coherence constraint that limits 
detection for Guan_Walider ARDT, but rather the absolute IVT threshold. Including 
Guan_Waliser ARDT results in Figures 8–10 would clarify: 

• If Guan and Waliser detects these cases, even when curved, this would suggest that 
curvature is not inherently excluded by its coherence criterion. 

• If it does not detect them, it would be important to determine whether this is due to 
the 100 kg m⁻¹ s⁻¹ threshold.  

Notably, some of these cases are associated with large daily-mean temperature anomalies 
(e.g., Figure 9b), which raises the question of whether the fixed 100 kg m⁻¹ s⁻¹ threshold 
may also limit detection of events with strong local impacts but modest IVT magnitude in 
the polar region. 

Such a comparison would significantly strengthen the manuscript’s central claim. 

3. Clarification of the Methodological Workflow (Lines 165–173) 

The methodological description includes several technical terms such as: 

“morphological thinning algorithm”, “skeleton”, “endpoint-to-endpoint paths”, “longest and 
most directionally consistent path”, “principal component analysis”, “primary centerline”, 
“B-spline interpolation”. These concepts may not be readily accessible to readers who are 
not familiar with image-processing techniques, and they are diRicult to visualize based on 
text alone. 

I strongly recommend illustrating the workflow with a concrete example (similar to how 
Guan and Waliser (2015) demonstrated their detection steps in their Figure 2). A schematic 
or step-by-step figure showing the progression from “Initial IVT object”, “Skeletonization”, 



“Centerline extraction”, and “Final smoothed AR axis” would substantially improve 
accessibility and reproducibility. 

 

Comments on Figures 

1. Add Latitude and Longitude Grids (All Maps) 

None of the figures include latitude and longitude lines. This makes it diRicult to locate 
specific regions, especially for readers not deeply familiar with Antarctic geography. Please 
add coordinate grids to all maps. 

2. Figure 2a (Line 248) 

The text refers to the “midlatitude storm-track region” as having the highest occurrence. 
Please explicitly indicate this region in Figure 2a for clarity. 

3. Figure 3 (Lines 264–291) 

Please provide more detail on how Figure 3 was constructed. What specific processing 
steps or compositing methods were used? 

4. Figure 9 

Please mask the McMurdo Dry Valleys in the figure 

Because the map orientation diRers from Figure 1 and no coordinates are shown, it is 
diRicult to identify locations mentioned in the text. 

In Line 423, it is unclear where “another farther north directed a zonal moisture flux from 
the South Pacific into the western Ross Sea sector” is located in Figure 9. Please annotate 
or clarify this. 

Additional Comments 

Line 46–48: Please provide references supporting the statement that ARs “play a central 
role in the Antarctic surface mass balance.” 

Lines 59–61: The description of Guan and Waliser as identifying “extensive zonal moisture 
bands” is not clear. Their method also includes minimum IVT thresholds and directional 
coherence constraints. Please revise for precision. 

Line 416: There is an extra comma. 

Line 492: The term “non-circular structure” is unclear. The figure appears to show a clear 
low–high pressure couplet channeling moisture poleward. Please clarify how “non-circular 



structure” implies weak wind speeds and why this explains the failure of detection by vIVT 
or DARK. 

Lines 501–504: By Day 4, although DARK AR exists, its footprint does not appear to align 
precisely with the region of strongest 2 m air temperature anomalies. Please clarify 
whether this indicates spatial oRset, lagged response, or limitations of the detection. 

Section 2.5: Please provide appropriate references for the definition and application of the 
risk ratio used in this section. 

Lines 191-192: “Temporally Associated with AR Occurrence”, does it mean for each grid 
point, please clarify this.  

 


