
Authors’ Response to Interactive comment from Anonymous Referee #1 on 

“Dual-Wavelength Radar Technique Development for Snow Rate Estimation: A 

Case Study from GCPEx” by Gwo-Jong Huang et al., Atmos. Meas. Tech. Discuss., 

doi:10.5194/amt-2018-211, 2018. 

 

This article describes a dual-frequency method to estimate the amount of snowfall from 

radar measurements obtained by NASA’s D3R radar during the GCPEX experiment in 

2012. The proposed method hinges on a representation of the Z-SR relationship 

conditional to the DWR. The Authors demonstrate the superiority of their DWR-based 

algorithm when compared to traditional power-law relationships to retrieve the liquid-

equivalent snow rate. 

 

The article provides a nice illustration of the use of in situ microphysical data, with 

radiative-transfer models (T matrix with various assumptions about the mass-size 

relationship) constrained by remote sensing observations. However, before I can 

recommend this article for publication, the Authors should revise a few key points 

detailed below. The writing is of unequal quality with some paragraph extremely well 

written when others a filled with typos and unclear sentences. It would also be possible 

good to reduce the length of the manuscript by removing 1 or 2 figures and the overly 

long part that details the processing of the 2DVD images. Lastly, I couldn’t find much 

about the efforts of the Authors to avoid or mitigate the effects of attenuation on the 

radar measurements, particularly at Ka band. Failing to do so can significantly bias the 

retrievals performed using the radar observations. 

 

Our Response: 

We would like to thank the reviewer for the positive general comments and detailed 

technical and editorial comments (corrections, suggestions, and questions). We have 

responded below to all of the comments (except those that are entirely complimentary) 

and included changes in the revised manuscript. In addition, we have tried to make the 

quality of writing more uniform in the revised manuscript.  

 

Detailed comments and suggestions (technical questions in italic) 

 

- General comment 

o Please decide whether to use “gauge” (preferred) or “gage” and use this 

consistently throughout the manuscript. Similarly for mis-/miss-/mismatch 

Response: 

We have replaced “gage” with “gauge” and “miss-“ with “mis-“ on all occasions in 

the revised manuscript.  

o Please provide a table of acronyms and symbols. 



We have included a table of acronyms and symbols in the revised manuscript. 

The table might not be exhaustive, but it should increase the readability for the 

readers who are not fully familiar with GCPEx, 2DVD, and DWR retrievals.  

- Introduction o Page 2 Line12 (P2L12): “In this study, we” … 

o P2L29: Please introduce the “Dual-\lambda” notation (e.g. in line 26) 

before using it. 

Response: 

We have replaced “The dual-wavelength reflectivity ratio (DWR) radar-

based QPE was proposed by …” by “The dual-wavelength reflectivity ratio 

(DWR; the ratio of reflectivity from two different bands) radar-based QPE 

was proposed by …” in the revised manuscript.  

o P3L4: “ratio of 4th moment to 3rd moment… ”: “Dm” the mean mass-

weighted diameter will be the ratio of the 4th to the 3rd moment only if the 

exponent of the m-D relationship is 3, which is seldom the case when 

dealing with snow… please reformulate. 

Response: 

The PSD we discussed here is in term of liquid-equivalent size (or melting 

size).  So the 3rd moment of PSD is proportional to mass.  

o P3L14: “estimate the mass of”  

Response: 

Corrected. 

o P3L16: “based on a particle’s mass” 

Response: 

Changed to “based on particles’ mass”. 

- Section 2  

o P3L29: “dominates” 

Response: 

Corrected. 

o P4L16: please include a space between “\delta_0” and “in Bohn”; 

Response: 

Corrected. 

o P4L19: “parameterization error”: Is this an error (i.e. producing wrong 

results) or a different convention? 

Response: 

It is an error due to use of an equation to represent real data.  

o P5L15: “circumscribeding circle”? 

Response: 

Replaced by “circumscribed circle” in the revised manuscript.  

o P5, last paragraph to the end of Section 2.2: This paragraph provides 

waaay too much detail on the operation of the 2DVD. Please refer to 



literature or move to an appendix. Similarly, I’m not sure that Figure 2 is 

really needed… 

We believe that this paragraph and Figure 2 are really important for the 

paper and the explanation of geometric and fall speed measurements as a 

key component of the proposed and presented methodology. We have 

therefore opted to keep them in the revised manuscript.  

o P5L21&28: “optical planes”? 

Response: 

Yes. The optical plane refers to the plane which optical system (light 

source and line-scan camera) is observing. 

o P5L31 to 34: is it miss-match or mismatch? 

Response: 

We have corrected “miss-“ to “mis-“. 

o P6L2: “manufacturer’s matching” 

Response: 

Corrected. 

o P6L8-10: “The Huang… because… size”. I do not understand the 

causality in this sentence. Please rephrase. 

Response: 

This has been rephrased to “The Huang and Bringi approach (Huang et al. 

2015) is referred to as HB …” in the revised manuscript.  

o P6L26: “particles, which … Hence, the” 

Response: 

Corrected. 

o P6L4: “Here, we use” 

Response: 

Corrected. 

o P6L22: There is a typo in the units reported (200 and 400 \mu m ?) 

Response: 

The units are “microns”.  We have corrected this typo.   

o P6L24: “spheroids” 

Response: 

Corrected. 

o Fig3: Since both quantities being plotted are positive, would a plot in log-

log scale be more appropriate/revealing? 

Response:  

The fall speed versus size plots are commonly presented in linear scale. 

- Section 3 

o P8L8-9: Is Figure 4 necessary? It is already in Skofronick et al 2015… 

Please consider deleting this Figure otherwise. 



Response: 

We think this figure is necessary to orient the reader to GCPEx and the 

spatial configuration of the instrumentation sites and important natural 

features.  

o P8L10: “with an extensive”  

Response: 

Corrected. 

o P8L14: “similar to a ‘vertical pointing” 

Response: 

Corrected. 

o P8L20: “Echo tops… high-altitude radar was were” 

Response: 

Corrected. 

o Compared to Section 3.1, Section 3.2. is really well written. The Authors 

provide a clear description of their thorough QC efforts of the DWR data. 

 

o What do the Authors do to address attenuation especially at Ka band? 

This could have a strong effect on the DWR, right? 

Response: 

In general, the attenuation of Ku- and Ka-band cannot be ignored.  The 

case we analyzed is a low liquid equivalent precipitation rate, dry snow 

event.  Based on the HB method, the density-size power-law relationship 

for this case is  = 0.19*Dapp
-0.8. This relationship is very close to Ikeda-

Brandes (2007) relationship which represents typical Colorado dry 

aggregated snow. The density of large snowflakes (> 2 mm) is less than 

0.1 g/cm3. The imaginary part of the dielectric constant for such 

snowflakes will be close to 0. Therefore, the attenuation can be ignored.  

Also we computed the k-Z relationship using three methods, and the 

highest attenuation for Ka-band is 0.03 dB/km at 40 dBZ and most of our 

data set has k < 0.015 dB/km using the LM method.  

o P10L29: “amount of”  

Response: 

Corrected. 

o P11L22: “particles which, in principle, could”  

Response: 

Corrected. 

o P12L3: “Figure 11a,b compares” 

Response: 

Corrected.  

o P12L8: “falls off as” 

Response: 



Corrected. 

o P13L1: For the airborne radar data, please refer to APR2 and cite 

appropriate references. 

Response:   

We have added in the revised manuscript a mention of APR-2 when 

talking about airborne radar data, and have cited Skofronik-Jackson et al. 

2015 as an appropriate reference.  

o P13L2: “Skolfronik”?  

Response: 

Corrected. 

o P13L7: “mis-match” please decide between “miss-match, mis-match and 

mismatch” for the entre article…  

Response: 

Corrected “miss-“ to “mis-“. 

o P13L11: “found not to be not size dependent”  

Response: 

Corrected. 

o P13L12: “factor may be size” 

Response: 

Corrected. 

o P13L20: “It is obvious from Fig. 13 that there is considerable scatter”, how 

about in a log-log scale, is there still a significant scatter?  

Response: 

Yes. The log-log plot will make it look better. However, we want to 

represent the error of Z-SR relationship. 

o P13L21-22: “.. ranging from 55 to 70%... from 40 to 45%” 

Response: 

Corrected. 

o P14L1: Please re-write all “Ku” or “Ka” with a capital “K” even in the 

subscripts  

Response: 

Corrected. 

o P14L14: “don’t do not use” 

Response: 

Corrected. 

o P14L16-l17: There is a truly remarkable agreement between measured 

and simulated accumulated snowfall! 

 

o P14L18: “Figure 15b is the same as…”  

Response: 

Corrected. 



o P14L20: why italics in “accumulations”? 

Response: 

Corrected. 

o P15L3: “at the same time while maintaining” 

Response: 

Corrected. 

- Section 4 

o P15L6: “is to develop a technique development for … using a scanning” 

Reponse: 

Corrected.  

o P15L26: “a large-scale synoptic … site of CARE during GCPEx.” 

Response: 

Corrected.  

o P15L30: “explained by a possible” 

Response: 

Corrected. 

o P16 1st paragraph: Could the discrepancies that you couldn’t explain be 

due to attenuation, which could strongly affect the Ka-band measurements? 

Response: 

According to our scattering computation, the most of our data set has 

attenuation less than k < 0.015 dB/km. The maximum range of D3R is 30 

km.  So the worst round trip PIA is 0.9 dB which is less than the error of 

reflectivity measurement (~1dB). Considering that the Ku-band reflectivity 

is also attenuated, the impact on DWR should be even less. However, we 

agree that for heavy snow, more compact snow types (i.e., graupel), or 

melting snow, an attenuation correction would be needed.  

o P16L13: “and LM gave (1.94 mm).” 

Response: 

Corrected. 

o P16L19-21: Is the smoothing of DWR actually a smoothing of Ka or is it 

necessary to first form DWR and then smooth only this parameter? 

Response: 

Since Ku- and Ka-band reflectivities are two independent measurements, 

it does not matter whether smoothing of Z is done first or DWR is formed 

first and smoothed.    

o Could you also provide some perspective as to how to extend your 

method to other dual-frequency datasets? Would the methods presented 

here still work if applied to a Ku-W or Ka-W data set? What would be the 

expected differences/commonalities? Similarly, would there be some 

potential or added value for airborne or spaceborne dual-frequency radars? 



Lastly, how would you extend your method to handle more frequencies 

(3,4,..)? 

Response: 

Theoretically, our method is independent of the frequency band pair.  

However, reflectivity oscillates when the particle’s size is in the Mie region, 

thus the DWR also oscillates. So, a different frequency band pair would 

have a different dynamic range of DWR. 

The second problem is due to the T-matrix method. By using the HB 

method, in our experience, T-matrix will have convergence problem when 

frequency is higher than Ka-band. The LM and HW methods use Liao’s 

model (Liao et al. 2013) for the scattering computations. They compute 

scattering coefficients up to 183 GHz, and their equivalent diameter limits 

are 2.5 mm. Therefore, this size may be too small for large 

snowflakes/graupel or highly rimed snowflakes.      

- References  

o P17L24: “for scattering” 

Response: 

Corrected.  

o P17L31: “Orinetations” 

Response: 

Corrected. 

- Figures  

o Figure 10: legend: “that were directly measured…” 

Response: 

Corrected. 

o Figures 13 and 14: 

 Please use the same units for SR between the two plots (Figs 13 and 

14) to help the reader compare plots; 

Response: 

This was a mistake. The unit of SR in the figures should be mm/hr.  

We have corrected these figures. 

 In Fig. 13, would a logarithmic scale work better? 

Response: 

We believe that it is better to use linear scale. 

 


