
Response to Paul DeMott’s comments 

We thank Paul DeMott for his comments which we have addressed point by point: 

General Comments: We have not reproduced the whole of Paul DeMott’s text here, but the main 

thrust of his point is that we have not placed sufficient focus on other microphysical processes that 

are important (in particular secondary ice production). DeMott summarised this in the final few 

lines: ‘Nevertheless, I wonder if it could be unsatisfying to acquire a bundle of new ice nucleation 

data, but not have a grasp on being able to properly simulate ice evolution due to lack of 

understanding of other processes. This possibly sounds more negative than intended, and odd 

coming from an ice nucleation researcher. I hope not. Otherwise, I can only support many of the 

contentions here. There are some truly excellent sections and statements made.’  We note that 

Storelvmo also made a similar comment. 

We agree that other microphysical processes are also important and did not intend to imply they 

are not. However, we also think that primary ice nucleation needs special focus and is one of, if not 

the, least well understood process. As such it is our hypothesis that our understanding of this 

process limits the accuracy of our models.  But, yes, once we get to the point of better defining INP 

and primary production, uncertainty in other processes will become limiting and we must not 

forget about these processes. 

We have reorganised the pertinent paragraph in section 2 into two paragraphs and made it clearer 

that other processes are also important. As part of this reorganisation, we make the following 

statements which directly address the referee’s comments: 

“The shift to fewer, but larger hydrometers when a supercooled cloud glaciates is a result of the 

abundance of aerosol available for nucleating cloud droplets and ice crystals, as well as the various 

ice-related microphysical processes which occur subsequent to ice nucleation.”; “In some 

situations the impact of INP will be amplified through secondary ice production (SIP) where a range 

of mechanisms are thought to result in the production of additional ice crystals (Field et al., 2017). 

It should be borne in mind that these processes (SIP, WBF, riming) subsequent to ice nucleation are 

also relatively poorly understood and also need attention (Komurcu et al., 2014). However, primary 

ice production initiates these subsequent ice-related processes, therefore the role of INPs in the 

cloud-phase feedback is the focus of this paper”; “However, the relationship between INP 

concentration and cloud glaciation is complex and governed by the WBF process (Desai et al., 

2019).” 

At the end of section 2 we now state: 

“The fact that ECS is sensitive to the balance between supercooled water and ice in clouds means 

that we have to improve our understanding of ice-related microphysical processes. In particular, 

we need a concerted effort to understand the atmospheric abundance of INPs, the aerosol type 

which catalyses ice formation in mixed phase clouds and plays a major role in defining the cloud-

phase feedback.” 

At the end of section 4 we now state: 

“In the future, models need to improve their representation of ice-related microphysical processes, 

in particular, they need to include a direct link to aerosol type, specifically INP, in order to improve 

the representation of clouds phase and the response of clouds to a warming world.” 

Citations: 



We have added the new citations mentioned by DeMott in the appropriate places.  We have made 

the decision not to include data from papers in review in ACPD in our data compilation, but have 

cited these papers for their general conclusions throughout the paper.  

Specific Comments C2  

1) Line 58: I looked later in the paper, but did not find this. What will constitute sufficient information 

about INPs in the regions poleward of 45 degrees? There have been at least two major campaigns in 

the Southern Ocean region since 2017, the ACE campaign and a suite of studies from 2016 to 2018 

that were supported by the U.S. NSF and DOE, and Australian and New Zealand organizations, all 

including measurements of ice nucleating particles. Some of these are recently published in 

McCluskey et al. (2018a), Schmale et al. (2019) and Welti et al. (2020), two of which are noted (Welti 

et al is recently in review in ACP). More measurements are sure to appear. This is not a question of 

referencing this work though, it is an honest question about the range of spatial and temporal scales 

that will be needed both in the Southern Ocean and in Arctic regions, where similar campaigns have 

occurred as referenced in the paper, and more are in the works.  

Our statement was rather vague. It was meant as an indicator of the structure of the paper.  The 

campaign mentioned by the referee are included in Fig 4 (with the exception of the Welti paper, 

which is in review).  We have been more specific in a revised sentence: “While we have learnt a 

great deal from recent field and laboratory work about INPs in mid- to high-latitudes (~45-70°), the 

region critical for the cloud-phase feedback, we need a much better understanding of sources and 

sinks of INP as well as the nature of INPs in both hemispheres.” 

2) Lines 85-86: While this point about INPs being cloud destroying agents is well-taken, it occurs to 

me that this paper has mainly considered a uni-directional change in INPs in the future. It could go 

either way, right? One can imagine either that a warming planet results in increases or decreases in 

INPs in different regions, and that decreases could be driven by cloud changes as well. That is, the net 

impact in a remote region like the Southern Ocean is a consequence of gains and losses of INPs, and 

this is not only affected by source strengths but by scavenging processes.  

This is correct.  We have edited the last line in the abstract to read: “We also need to develop a 

predictive capability for future INP emissions and sinks in a warmer world…..”  We do already 

introduce the idea that INP in the future might increase or decrease in Figure 2, but have clarified 

this in the text.  In section 2 we now state: “Thirdly, INP sources, processing and removal in the 

atmosphere are also likely to change with a changing climate.”, and “Alternatively, loss 

mechanisms might be enhanced in a warmer world with more precipitation” 

3) Lines 93-94: Here one needs to ask if this is a truth or a point for inspection that the INP population 

controls the amount of ice in most shallow clouds. To some extent this is certainly proven for Arctic 

clouds, but it is not what has been observed in all clouds over the Southern Ocean, depending on the 

scales one is referring to. For clouds where secondary ice processes provide the ultimate control on 

maximum ice concentrations and the distribution of precipitation, this might not be true. A question 

is to what extent the secondary process cares about the size of the "trigger" imposed by primary ice 

formation, and to what extent the areas of secondary processes count from the radiative balance 

standpoint for wide regions where INP concentrations are generally low. It is difficult for me to 

support this point strongly, due to the fact that some papers are presently in review and without 

open access. Nevertheless, I wonder if this point deserves some mention.  

We have expanded section 2 to include more on secondary production (see response above).  Also, 

we have edited the pertinent line removing the words ‘primarily influenced’ with ‘strongly 



influenced’: “Since the amount of ice in many shallow clouds is strongly influenced by the INP 

population, there are likely to be regional and seasonal variations in the cloud-phase feedback.” 

4) Line 95: Do we also need to define the areal extent of critical regions where INP concentrations 

may be relatively higher or lower? As made apparent in a few recent papers, there are broad regions 

of the Earth where INPs appear to be well-mixed and relatively uniform (Welti et al., 2020; Schrod et 

al., 2020), just as there are broad regions like the Southern Ocean where the concentrations are 

markedly different (reduced) compared to continental regions.  

This would be an interesting exercise.  We note that Welti et al. has made a good start in defining 

the areal extent of INP concentrations.  As part of the M-Phase project we are working on doing 

exactly this with a standardised database of INP measurements.  

5) Lines 98-106: I believe there may actually be more to say here. For example, the weaker slope for 

the fertile soil dust may mask a complete difference in the nature of the INPs versus the mineral dust, 

speaking of their encompassing both microbial components and their byproduct fragments and 

organic molecules from their action in soils (e.g., Hill et al., 2016). These other biogenic (primary 

biological particles and molecular organics), and potentially most important INP sources in the higher 

temperature regime of supercooled clouds (Garcia et al., 2012; Huffman et al., 2013; O’Sullivan et al., 

2018; Mignani et al., 2020; Schneider et al., 2020), may also be altered in a warming future world 

since they depend on environmental disturbances and conditions at the surface of the Earth. 

Interestingly, it is clear based on the sheer explosion of recent publication submissions, that the 

community is already taking up the charge to establish INP spectra and types from different sources, 

which support the statement on line 105. I think the work beyond the growing number of short and 

long-term assessments may come in being able to piece out the specific contributors in different 

source scenarios.  

There certainly is a lot more that could be said, but we tried to break this section down into key 

points and keep it brief. This point of changing INP with changing climate fits better into the third 

point.  We have inserted: “Furthermore, biological processes which result in very active biogenic 

INP (primary biological particles, by-product fragments and macromolecules) (Hill et al., 2016; 

O'Sullivan et al., 2015), may also respond to a changing climate.” 

6) Line 146: Missing date on DeMott references. Could be 2016?  

Corrected. 

7) Line 150: May I request a definition of biological particles? It may be obvious to the authors, but 

the wider community reading this may not understand if one means microbes or all biologically-

derived INPs (i.e., organic molecules). There is growing evidence that the former are not the same as 

the latter, in likely following different dependencies (e.g., Mignani et al., 2020; Schneider et al., 2020; 

Suski et al., 2018). See note below also regarding “biogenic” sources. Also on line 150, why 

“potentially” combustion particles? There seems ample evidence that biomass burning is a clear 

source (Schill et al., 2020, and references therein), if not necessarily black carbon.  

We now have a definition for biogenic in the first use of the work in section 2 (see point 5 above).  

We have removed ‘potentially’ from the reference to combustion aerosol.  

8) Line 215: This is the first use of the term “biogenic” INP sources. It think it is important to be clear 

on definitions here. It is a point we as a community struggle with still.  

See new definition in point 5. 



9) Lines 219-220: I hesitate to make this comment, but does Fig. 4 need a qualifier regarding 

“recognizing that results may to some extent reflect both true INP variability and INP measurement 

capabilities/uncertainties”? Or “assuming no measurement biases” or “assuming perfect and 

equivalent measurement capabilities in all studies shown”? Perhaps this is the point of many of your 

notes in the Supplement, which I only noted late in writing these points. 

We did signpost the reader to literature where these issue are discussed in the caption where we 

state : “A discussion of known artefacts associated with some older techniques has been given 

previously (Mossop and Thorndike, 1966; McCluskey et al., 2018).”.  We have added to this to 

make this clearer: “While there is clearly a great deal of natural variability there are also 

differences in sampling and instrumentation which will cause some variability. A discussion of 

known artefacts associated with techniques has been given previously (Mossop and Thorndike, 

1966; McCluskey et al., 2018a).” 

10) Section 7.2 INP in the southern mid- to high-latitudes: I wonder if Antarctica is the only 

consideration as a changing source? There are known land regions impacting the broader region, 

with variations in transports in different areas that have occurred in the past or may occur in the 

future (e.g., Neff and Bertler, 2015).  

We have added the following statement: “There are also dust sources more generally across the 

southern hemisphere, in particular dust from New Zealand and Patagonia are transported to the 

higher latitude Southern Ocean (Neff and Bertler, 2015) and dust from Patagonia has been shown 

to be effective at nucleating ice (López et al., 2018).” 

11) In a related regard, the work of Bigg (1973), averaged in Fig. 4, suggests a drastically altered INP 

scenario now compared that present over 50 years ago. This has been at least briefly discussed in 

some of the referenced recent papers, but you make no note of that here.  

In one draft we had an extensive discussion of this, but removed it because we wanted to keep the 

discussion brief and focused on the importance of INP for climate rather than have lengthy 

discussions of potential measurement issues. At face value the measurements imply that INP 

concentrations have changed over time, however this conclusion has to be set against what is 

known about the technique Bigg employed. There is a documented dependence of the apparent 

INP concentration on the amount of air sampled, which indicates that there is a fundamental 

problem with the technique employed (see citations in the caption of Fig 4).  We also refer to this 

in the SI table.  We would rather not get into this complex issue in the main body of the paper. 

12) Line 281: Should it be “aerosol” generally, rather than “dust”? At least one of the references 

noted was not specific to dust. 

Corrected. 

Lines 298-300: Clearly these may be examples familiar to the authors, but you should perhaps 

mention that other semi-autonomous instrument developments have been occurring for existing 

technologies within the community (e.g., Bi et al., 2019; Brunner and Kanji, 2020). Others are 

underway. Also, note that the Möhler et al. (2020) is now in discussion.  

Citations added.  

Editorial notes: Line 42: This may be a language preference, but I think of higher and lower latitudes, 

so higher than 45 degrees rather than above 45 degrees. Or perhaps “poleward” of 45 degrees?  

Changed to “poleward of 45” here and in Figure 1 caption. 



Section 6: I am sure that the authors now realize that this section repeats section 5. 

We have corrected this embarrassing error. 

 Line 345: Should it be Fig. 4 instead of Fig. 3? Also, Jessie’s name is misspelled. 

Corrected 
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