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RC1: Review in black text, responses in blue. Additional table and figure prepared for the authors 

response document may contain other colors.  

RC: Overall Evaluation: I have reviewed the manuscript "Multi-seasonal measurements of the ground-

level atmospheric ice-nucleating particle abundance on the North Slope of Alaska". This manuscript 

presents a comprehensive analysis of atmospheric ice-nucleating particles (INPs) based on long-term 

ground-based measurements in the Alaskan Arctic. The study is significant as it provides one of the first 

multi-seasonal datasets of INP abundance in this region. The authors utilize a portable ice nucleation 

experiment chamber (PINE-03) to collect high-resolution data over a two-year period, and analyze 

aerosol and meteorological data to assess the correlation between ambient nINP, air mass origin region, 

and meteorological variability. The manuscript is well-written, with clear language and logical 

organization. The introduction effectively sets up the research question, and the conclusion summarizes 

key findings concisely. While the study is well-structured and the results are relevant to the field of 

aerosol-cloud interactions, several aspects require further clarification and improvement. I believe that the 

conclusions of the manuscript are likely valid, and the manuscript is publishable subject to minor 

revisions. I have some specific concerns, listed below. 

AR: We appreciate this thorough and thoughtful review. We believe that the quality of this paper have 

improved with the changes made to the current version of the manuscript. Below, we provide our point-

by-point responses. 

 

RC: Specific comments: The manuscript presents substantial new data on Arctic INPs, which fills a 

critical gap in long-term observations, especially using high resolution instruments. However, while the 

manuscript provides a novel dataset, the interpretation of the sources of INPs could be strengthened. The 

manuscript concludes high INP concentration in spring possibly related to arctic haze. It could be 

improved by incorporating a arctic haze event with high resolution INP measurement and aerosol , 

meteorological data. 

AR: Aerosol Data: The time resolution of ambient mass concentration measurements of major arctic 

haze tracers, such as non-sea salt (nss) SO4
= and aerosol NO3

−, from BRW was equivalent to or longer 

than 24 hours. Further, the sampling interval was not consistent, preventing high-resolution arctic haze 

tracer – INP correlation analysis. Other complementary aerosol composition measurements (e.g., aerosol 

mass spectrometer) were not available during our study period. While we observed that both INP and 

arctic haze tracer concentrations are relatively high in spring as compared to other seasons (Figs. 3 and 5), 

the correlation between these two aerosol populations based on their seasonal averages is not significant 

(r2 < 0.2). Thus, the INP-arctic haze relation is not conclusive. The authors intended to keep a softened 

qualitative tone regarding the relation in the current manuscript. We wish to keep the relevant discussions.  

L529: To mitigate the reviewer’s concern, we now added, “…while further quantitative analysis with 

high-time-resolution data is necessary.” We agree that highly time-resolved analysis of INP with 

appropriate, complementary aerosol composition would be necessary in the future.    

Meteorological Data: Table AR1 compares all trajectories (N = 3176), all three Ts back trajectories (N = 

30), and any Ts air trajectories (N = 654) during high- and low-INP episodes. We made two subsets of 

high- and low-INP episodes; one where all three temperatures (−20, −25, and −30 °C) had to exceed the 

percentile thresholds (‘all three Ts’) and another with the same thresholds but where the sample qualified 

if ‘any’ of the three examined temperatures met the threshold. For the former case, we identified 15 high 

INP episodes and 15 low INP episodes. For the latter case, we identified 291 data points as being in a 

high INP period and 364 as being in a low INP period (SI Table S3). According to our HYSPLIT back 

trajectory analysis (see Appendix B and SI S7), the time fraction of air mass over land, especially in 

North America, accounted for more than 15%. Spring maxima of land and North American 

terrestrial contributions, accounting for 27% and 24% of air masses, imply high nINP might be 

associated with land origins. Further, for high-INP periods, North American land origins contribute 
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substantially (>20%), whereas this contribution is minimal during low-INP periods (<7%). Eurasian land 

origins are minor and likely insignificant for INP delivery to the NSA. Open water air masses are more 

frequent in low-INP episodes (~33 – 40%) as compared to high-INP episodes (~13 – 20%). At BRW, the 

Arctic Ocean north of 66° N are the main air mass origins, but contribute more to low-INP periods (91 – 

100%) than to high-INP episodes (≈48 – 71%). 

 
Table AR1. Percentage of air mass origin region, as well as air mass time fractions over open water, land, or ice, 

determined from 72-hour HYSPLIT back trajectories (back trajectories may be younger than 72 hours if rainfall 

exceeds 7mm). For each dataset (i.e., all three Ts and any Ts), each column represents air mass properties for all 

trajectories, high INP periods, and low INP periods. The numbers in the parenthesis represent seasonal minimum – 

maximum color coded as follows: fall – orange, winter – blue, spring – green, and summer − red. The season-

segregated tables are available in SI Sect. S7.  
   

All 

Trajectories 
 All Three Ts  Any Ts 

ORIGIN 

 All  High INP 

period 

Low INP 

period 

 
High INP 

period 

Low INP 

period 

  
N = 3176 

(720−864) 
 n = 15 

(0−10) 

n = 15 

(0−10) 

n = 291 

(43−97) 

n = 364 

(25−159) 

Arctic Ocean 

North of 66°N 

Latitude 

  
70.4 

(61.8−76.3) 
 48.0 

(0−64.0) 
100 

 

70.5 

(45.4−77.6) 

91.2 

(69.1−96.0) 

Arctic Ocean 

South of 66°N 

Latitude  

 5.9 

(3.1−8.6) 
 12.0 

(0−16.0) 
0 

 

7.8 

(3.7−9.5) 

1.0 

(0−2.9) 

North America  15.6 

(5.2−23.6) 
 26.7 

(20.0−40.0) 
0 

 
21.4 

(12.4−39.7) 

6.9 

(2.9−24.0) 

Norwegian Sea  0  0 0 
 

0 0 

Pacific Ocean  4.2 

(1.5−8.9) 
 13.3 

(0−20.0) 
0 

 
6.6 

(2.3−11.3) 

0.3 

(0−4.0) 

Eurasia  3.9 

(1.4−5.0) 
 0 0 

 
0.3 

(0−2.3) 

0.6 

(0−1.3) 

Western Africa   0  0 0  0 0 

Land   
19.4 

(10.0−27.1) 
 26.1 

(20.8−36.7) 

5.0 

(0−7.5) 

 
21.8 

(15.6−37.9) 

8.0 

(5.2−18.7) 

Open Water  28.6 

(19.8−38.4) 
 12.8 

(8.3−15.0) 

40.0 

(36.7−41.7) 

 
19.7 

(12.8−38.4) 

32.9 

(18.7−44.9) 

Ice   
51.9 

(39.4−61.6) 
 61.1 

(55.0−64.2) 

55.0 

(50.8−63.3) 

 
58.6 

(34.9−70.4) 

59.1 

(49.9−67.4) 

 

RC: Line 110-112. In the first paragraph, I recommend providing additional details about the INP dataset, 

particularly addressing the significant data gaps observed during certain months, as mentioned in lines 

386–387. This would help clarify the dataset's continuity and any potential implications for the study's 

conclusions. 

AR: This is a valid suggestion. L117- now reads “We note that any data gaps pertain to the PINE-03 

system maintenance, as required every 3 − 4 months (see Wilbourn et al., 2024; SI Sect. S5). The 

maintenance was also conducted immediately after we observed and flagged the PINE-03 operational 

issues. The most common problems include an OPC malfunction, diaphragm pump filter replacement, or 

LabView data acquisition console disconnection. During ExINP-NSA, we rarely observed such issues (41 

out of 1506 operations, 2.7%), and PINE-03 ran reliably with scheduled maintenance periods. Operational 

flagging was assessed every cycle during measurements”. 

 

RC: Line 134. In addition to discussing the time resolution, it would be beneficial to include information 

about the size range of aerosols that PINE-03 measures. This would provide a more comprehensive 

understanding of the instrument’s capabilities and its relevance to INP measurements. 

AR: This is also a valid suggestion. Both INP and total aerosol abundances were measured through the 

inset stack inlet. The upper size of measurable near and nINP is limited by D50 of particles passing through 
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the stack inlet, which is <3 µm (Sect. S1). The near measurement is based on a CPC, which has a 

measurable size range from ≈0.01 to ≈3.0 µm. The lower bound of measurable particle size is limited by a 

diffusion loss of particles through the inlet and should be consistent for both INP and total aerosols. Note 

that, while we cannot define the lower bound of measurable INP size, small aerosols provide small 

surfaces, which do not contain as many active sites as on larger particles (unless it is known ice 

nucleation active biological particles). The lower size limit of homogeneous freezing can be as small as 

the size of a water cluster of 100-300 water molecules (<10 nm), but it occurs below -35 °C, which is 

outside of our measured freezing temperature ranges. This discussion is now added to SI S1 as it is 

relevant to the measured particle loss discussion. 

 

RC: Line 275-285. As described in the manuscript and shown in Figure 1, the winter temperature in the 

study region is consistently below -20°C, with a recorded minimum of -37.2°C. Additionally, the relative 

humidity ranges from 60% to 80%, indicating that the dew point temperature is even lower. Given these 

conditions, I have concerns regarding the measurement of INPs that are activated at relatively higher 

temperatures (-16°C to -31°C). Could the authors clarify how the PINE-03 system measures INP 

activation at these temperatures under such ambient conditions? Specifically, can PINE-03 create 

chamber conditions where the INP. activation temperature is higher than the ambient air temperature? 

Further explanation of this aspect would enhance the understanding of the instrument’s capabilities and 

potential limitations. 

AR: The authors assessed the nINP data for two conditions; (1) dew point temperature in the chamber 

vessel (DPT) higher than PINE-03 freezing temperature (Freezing T) and (2) DPT lower than Freezing T 

at three selected temperatures (-20, -25, and -30 °C) to be consistent with our high vs. low INP episode 

analysis. We plotted the comparison using (a) All nINP data, and (b) Clean nINP data, and (c) Clean Winter 

nINP data. As seen in the figure below, we observed a difference in nINP at each examined temperature for 

the two conditions. We see higher nINP for the dataset of DPT > Freezing T. However the difference is 

within the standard deviation for all data assessed and thereby not conclusive.   

 

 
The authors note that Wilbourn et al. (2024)* state that PINE-03 is capable of measuring but not 

distinguishing between both immersion-mode and deposition-mode freezing events. Möhler et 

al. (2021)** reported that PINE-03 is capable of detecting pore condensation freezing and deposition 

freezing processes. These freezing modes may be seen when the chamber is supersaturated with respect to 

ice yet under a water-subsaturated condition. Thus, the much larger discrepancy in nINP at BRW may be 

due to low vs. high DPT. For instance, the immersion mode freezing cloud has been missed when DPT < 

Freezing T. However, as all previous PINE work at multiple sites has counted total INPs, we will report 

the same for this manuscript. This remains an area of uncertainty that could be examined by future 

researchers. We note that this important limitation is addressed in L538-. “PINE-03 is designed to utilize 

ambient moisture to saturate the chamber during expansion cooling and for maintaining the chamber dew 

point temperature above freezing temperature. Dry winter conditions often lowered dew point and 

hindered INP measurements.” We believe we carefully phrased our measurable freezing definition in the 

current manuscript.  
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*Wilbourn, E. K. et al.: Measurement report: A comparison of ground-level ice-nucleating-particle abundance and 

aerosol properties during autumn at contrasting marine and terrestrial locations, Atmos. Chem. Phys., 24, 5433–5456, 

https://doi.org/10.5194/acp-24-5433-2024, 2024. 

** Möhler, O. et al.: The Portable Ice Nucleation Experiment (PINE): a new online instrument for laboratory studies 

and automated long-term field observations of ice-nucleating particles, Atmos. Meas. Tech., 14, 1143–1166, 

https://doi.org/10.5194/amt-14-1143-2021, 2021. 

 

RC: Line 286. What is the significance of averaging visibility in this context? For example, the average of 

a 10 km visibility and a 100 m visibility would be around 5 km, but this may not accurately reflect the 

actual atmospheric conditions. For INP analysis, it may be more relevant to focus on the statistics of low-

visibility events, as these could be associated with fog, blowing snow, or dust events. Could the authors 

provide further clarification on this aspect? 

AR: To mitigate the reviewer’s concern, we removed the visibility and wind properties data points from 

Fig. 1. Our thoughts regarding the relevancy and importance of localized events to INP are consistent 

with the reviewer’s comment. The point we wanted to make here was the potential importance of 

localized events listed in the manuscript. Visibility and wind direction data fluctuated throughout the 

study period, which could have induced localized aerosol emissions. Several authors of this manuscript 

are planning to submit another paper focusing on the impact of local blowing snow and other larger-scale 

meteorological events in the NSA region (Chen et al., 2022*) on ambient INP abundance at the ground 

level in the future (too much to be included in a single manuscript). 

 
*Chen, Q. et al.: Atmospheric particle abundance and sea salt aerosol observations in the springtime Arctic: a focus 

on blowing snow and leads, Atmos. Chem. Phys., 22, 15263–15285, https://doi.org/10.5194/acp-22-15263-2022, 

2022. 

 
RC: Figure 1. In Figure 1, are the wind direction and wind speed also averaged over six hours? Since 

wind direction and wind speed are vector quantities, they may not be directly suitable for simple 

averaging. Could the authors clarify how these values were processed? 

AR: We calculated vector averaged wind speed. Nevertheless, we decided to delete Panel B as Fig. 2 

shows wind properties. All associated numbers in this manuscript are based on vector average numbers.  

 

Figure 1. The time series of the 6-hour average temperature 

and relative humidity (a). Panel (b) displays the 6-hour 

average precipitation and monthly cumulative precipitation 

amounts. Dashed lines in each panel are mean seasonal 

values of individual measurements and the green shaded 

area represents spring. Precipitation data from mid-August 

2023 was not available, which is indicated by the grey 

shaded area. The relative humidity data from late August to 

early December 2022 is also missing. 

 

https://doi.org/10.5194/acp-24-5433-2024
https://doi.org/10.5194/amt-14-1143-2021
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RC: The x-axis in Figure 4 is too dense; I suggest adjusting it for better readability. Additionally, I 

recommend removing the black error bars, as they affect the visual aesthetics of the figure without 

significantly enhancing the clarity of the authors' intended message. 

AR: Done (see the next page). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. INP concentrations (nINP(T)) measured at 

BRW. The ‘all’ dataset collected throughout the 

campaign is shown in (a). The segregated datasets 

collected during the ‘clean’ periods (clean data) 

and ’contaminated’ periods (presumably contaminated 

data) are shown in (b) and (c). Each point represents a 

6-hour time-averaged concentration. The color scale 

indicates the measured freezing temperature. 

Individual data points are temperature binned for 1 °C. 

The campaign mean and median nINP(-25°C) are shown 

with dark blue and cyan lines. 
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RC: Line 475-484. I suggest moving the explanation of the instrument's resolution to Section 2B, which 

discusses INP measurement data. Additionally, all data presented in the figures should be carefully 

selected and evaluated to support the study’s conclusions. 

AR: Former L475-476 is moved to L188-189. The rest remains as is as they are relevant in this particular 

section. 

 

RC: Line 487. Regarding the comparison of Ns with previous studies, could the observed differences be 

attributed to variations in the calculation methods used for Ns?  

AR: No. The calculation method is consistent. It’s mainly due to the difference in abundance of surface 

area. 

 

RC: Additionally, are the surface area results obtained using the method in this study consistent with 

those measured by aerosol spectrometers (APS and SMPS)? Could the authors provide further 

clarification on this matter? 

AR: The effective aerosol scattering efficiency (Qeff) we obtained was consistent with the APS (coarse) 

and SMPS (fine) comparisons with the nephelometer as discussed in SI Sect. S3. To mitigate the 

reviewer’s concern, we added the following sentence in the Table S2 caption – “The Qeff value in the 

table is from the nephelometer and APS comparison.” 
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RC2: Review in black text, responses in blue. Additional table and figure prepared for the authors 

response document may contain other colors. 

 

RC: This study presents a long-term dataset of ice-nucleating particle (INP) concentrations in the Arctic, 

addressing a gap in understanding INP variability and their role in mixed-phase cloud processes. The use 

of continuous, high time-resolution measurements over two years at the Barrow Atmospheric Baseline 

Observatory provides valuable insights into seasonal INP dynamics and their potential drivers, such as 

Arctic haze and air mass origins. The development of season-specific INP parameterizations is a 

significant contribution to improving cloud microphysics models. However, the study would benefit from 

a deeper mechanistic explanation for the observed INP enhancements and their broader climatic 

implications. 

AR: We appreciate this thorough and thoughtful review, which uncovered some issues that we have 

addressed, as detailed below. 

 

RC: Major comments: 1. At the current form, this paper is more like a measurement report rather than a 

scientific paper. A deeper exploration of mechanistic explanations for the seasonal INP variations is 

needed. I suggest the author to incorporate aerosol chemical composition data (e.g., organic markers, dust 

tracers) to clarify source contributions. 

AR: The focus of this study is on highly time-resolved INP measurements and long-term INP monitoring 

as conducted in other sites (Wilbourn et al. 2024*). There was very limited filter-based soluble aerosol 

chemical composition data available at BRW. We attempted to incorporate methanesulfonic acid (MSA), 

oxalate (OXL), and calcium (Ca+) data derived from ion chromatography analysis of the filter samples. 

We did not display those data in our original manuscript because a majority of the MSA, OXL, and CAL 

data was flagged for below detection limit during our study period. While we see relatively high MSA 

and CAL in the spring like other arctic haze tracers (Fig. AR1), the relation between INP, organics, and 

dust is inconclusive (r2 < 0.12). 

 
Figure AR1. Time series of MSA, OXL, Ca+, NO3

–  ,and nss SO4
= ion mass concentrations. A dashed horizontal line 

for NO3
–  and nss SO4

= represents the seasonal mean of individual measurements, and the green shaded area 

represent the Arctic spring during our study periods.  

 

The time resolution of ambient mass concentration measurements of major arctic haze tracers, such as 

non-sea salt (nss) SO4
= and aerosol NO3

−, from BRW was equivalent to or longer than 24 hours. Further, 

the sampling interval was not consistent, preventing high-resolution arctic haze tracer – INP correlation 

analysis. Other complementary aerosol composition measurements (e.g., aerosol mass spectrometer) were 

not available during our study period. While we observed that both INP and arctic haze tracer 

concentrations are relatively high in spring as compared to other seasons (Figs. 3 and 5), the correlation 

between these two aerosol populations based on their seasonal averages is not significant (r2 < 0.2). Thus, 
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the INP-arctic haze relation is not conclusive. The authors intended to keep a softened qualitative tone 

regarding the relation in the current manuscript.  

L529: To mitigate the reviewer’s concern, we now added the following as an important limitation of our 

study, “…while further quantitative analysis with high-time-resolution data is necessary.” Highly time-

resolved analysis of INP with appropriate, complementary aerosol composition would be necessary to 

overcome this limitation in the future.    

 
*Wilbourn, E. K. et al.: Measurement report: A comparison of ground-level ice-nucleating-particle abundance and 

aerosol properties during autumn at contrasting marine and terrestrial locations, Atmos. Chem. Phys., 24, 5433–5456, 

https://doi.org/10.5194/acp-24-5433-2024, 2024. 

 

RC: 2. The comparison to results from mid-latitude studies and previous studies in the Arctic should 

contextualize environmental differences (e.g., seasonal biomass burning, anthropogenic emissions) that 

may explain efficiency disparities and seasonal INP variations. 

AR: There are not high resolution chemical composition measurements of markers that would 

enable separation of biomass vs anthropogenic emissions. Without any good time-resolution 

data, it will be hard to derive any conclusive results.  
 

 

RC: 3. The association of springtime nINP peaks with Arctic haze is plausible but not conclusively 

demonstrated. Backward trajectory analysis and correlations with aerosol chemistry during spring haze 

episodes should be conducted to confirm links to anthropogenic or Eurasian aerosol sources, as seen in 

prior Arctic aerosol studies. Whether the haze-INP relationship aligns with known INP properties of 

pollution aerosols (e.g., soot) or if other factors (e.g., aging processes) enhance INP activity should be 

discussed. 

AR: Detailed aerosol chemistry data to conduct the suggested analysis is not available from BRW for our 

study period. The RC2’s suggestion on backtrajectory is plausible, and we offer some extra insight below. 

 

Table AR1 compares all trajectories (N = 3176), all three Ts back trajectories (N = 30), and any Ts air 

trajectories (N = 654) during high- and low-INP episodes. We made two subsets of high- and low-INP 

episodes; one where all three temperatures (−20, −25, and −30 °C) had to exceed the percentile thresholds 

(‘all three Ts’) and another with the same thresholds but where the sample qualified if ‘any’ of the three 

examined temperatures met the threshold. For the former case, we identified 15 high INP episodes and 15 

low INP episodes. For the latter case, we identified 291 data points as being in a high INP period and 364 

as being in a low INP period (SI Table S3). According to our HYSPLIT back trajectory analysis (see 

Appendix B and SI S7), the time fraction of air mass over land, especially in North America, 

accounted for more than 15%. Spring maxima of land and North American terrestrial 

contributions, accounting for 27% and 24% of air masses, imply high nINP might be associated with 

land origins. Further, for high-INP periods, North American land origins contribute substantially 

(>20%), whereas this contribution is minimal during low-INP periods (<7%). Eurasian land origins are 

minor and likely insignificant for INP delivery to the NSA. Open water air masses are more frequent in 

low-INP episodes (~33 – 40%) as compared to high-INP episodes (~13 – 20%). At BRW, the Arctic 

Ocean north of 66° N are the main air mass origins, but contribute more to low-INP periods (91 – 100%) 

than to high-INP episodes (≈48 – 71%). 

 

 

 

 

 

 

https://doi.org/10.5194/acp-24-5433-2024


 
 

9 

 

 

 
Table AR1. Percentage of air mass origin region, as well as air mass time fractions over open water, land, or ice, 

determined from 72-hour HYSPLIT back trajectories (back trajectories may be younger than 72 hours if rainfall 

exceeds 7mm). For each dataset (i.e., all three Ts and any Ts), each column represents air mass properties for all 

trajectories, high INP periods, and low INP periods. The numbers in the parenthesis represent seasonal minimum – 

maximum color coded as follows: fall – orange, winter – blue, spring – green, and summer − red. The season-

segregated tables are available in SI Sect. S7.  
   

All 

Trajectories 
 All Three Ts  Any Ts 

ORIGIN 

 All  High INP 

period 

Low INP 

period 

 
High INP 

period 

Low INP 

period 

  
N = 3176 

(720−864) 
 n = 15 

(0−10) 

n = 15 

(0−10) 

n = 291 

(43−97) 

n = 364 

(25−159) 

Arctic Ocean 

North of 66°N 

Latitude 

  
70.4 

(61.8−76.3) 
 48.0 

(0−64.0) 
100 

 

70.5 

(45.4−77.6) 

91.2 

(69.1−96.0) 

Arctic Ocean 

South of 66°N 

Latitude  

 5.9 

(3.1−8.6) 
 12.0 

(0−16.0) 
0 

 

7.8 

(3.7−9.5) 

1.0 

(0−2.9) 

North America  15.6 

(5.2−23.6) 
 26.7 

(20.0−40.0) 
0 

 
21.4 

(12.4−39.7) 

6.9 

(2.9−24.0) 

Norwegian Sea  0  0 0 
 

0 0 

Pacific Ocean  4.2 

(1.5−8.9) 
 13.3 

(0−20.0) 
0 

 
6.6 

(2.3−11.3) 

0.3 

(0−4.0) 

Eurasia  3.9 

(1.4−5.0) 
 0 0 

 
0.3 

(0−2.3) 

0.6 

(0−1.3) 

Western Africa   0  0 0  0 0 

Land   
19.4 

(10.0−27.1) 
 26.1 

(20.8−36.7) 

5.0 

(0−7.5) 

 
21.8 

(15.6−37.9) 

8.0 

(5.2−18.7) 

Open Water  28.6 

(19.8−38.4) 
 12.8 

(8.3−15.0) 

40.0 

(36.7−41.7) 

 
19.7 

(12.8−38.4) 

32.9 

(18.7−44.9) 

Ice   
51.9 

(39.4−61.6) 
 61.1 

(55.0−64.2) 

55.0 

(50.8−63.3) 

 
58.6 

(34.9−70.4) 

59.1 

(49.9−67.4) 

 
RC: 4. The authors mentioned they introduced new season-specific parameterizations suitable for 

modeling mixed-phase clouds. But I only see one ns(T) parameterization as a function of freezing 

temperatures rather than season-specific parameterizations.  

AR: As stated in L516, Fig. S5 (SI Sect. 6) shows seasonal ns parameterizations: 

 

𝑛𝑠
𝑓𝑎𝑙𝑙(𝑇) = 𝑒𝑥𝑝 (20.750 × 𝑒𝑥𝑝 (−𝑒𝑥𝑝(0.109 × (𝑇 + 14.050))) + 4.995)                              𝑟 = 0.92 

−31 °𝐶 ≤ 𝑇 ≤ −21 °𝐶.                                                                                                                               

𝑛𝑠
𝑤𝑖𝑛𝑡𝑒𝑟(𝑇) = 𝑒𝑥𝑝 (22.500 × 𝑒𝑥𝑝 (−𝑒𝑥𝑝(0.950 × (𝑇 + 25.650))) 0.545)                               𝑟 = 0.88 

−31 °𝐶 ≤ 𝑇 ≤ −25 °𝐶.                                                                                                                               

𝑛𝑠
𝑠𝑝𝑟𝑖𝑛𝑔(𝑇) = 𝑒𝑥𝑝 (24.250 × 𝑒𝑥𝑝 (−𝑒𝑥𝑝(0.109 × (𝑇 + 14.050))) + 3.215)                          𝑟 = 0.99 

−31 °𝐶 ≤ 𝑇 ≤ −21 °𝐶.                                                                                                                               

𝑛𝑠
𝑠𝑢𝑚𝑚𝑒𝑟(𝑇) = 𝑒𝑥𝑝 (17.250 × 𝑒𝑥𝑝 (−𝑒𝑥𝑝(0.159 × (𝑇 + 14.050))) + 7.665)                         𝑟 = 0.97 

−31 °𝐶 ≤ 𝑇 ≤ −21 °𝐶.                                                                                                                               
 

RC: In addition, the parameterization is recommended to be tested in a cloud-resolving model, to assess 

their impact on simulated cloud phase and radiative properties. Whether this parameterization can apply 

only to ground-level INPs or if vertical INP gradients (unmeasured here) might affect their utility in 

modeling cloud processes should be verified. 
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AR: Indeed the closure for vertical distribution is important. We rephrased the last few sentences in the 

conclusion section – “It will be useful to improve atmospheric models to simulate cloud feedback and 

determine their impact on the global radiative energy budget. Whether this parameterization can apply 

only to ground-level INPs or if vertical INP gradients might affect their utility in modeling cloud 

processes should be verified. Together with the INP data, additional aerosol data, such as coarse mode 

size distributions, particle chemical composition and mixing state (deployed at BRW in October 2024), as 

well as vertical INP profiles, would allow us to further understand the implications of this dataset for 

clouds, precipitation, and regional weather, as well as overall ambient ice nucleation abundance in the 

NSA region. ”  

 

Repeating the study demonstrated in Norgren et al. (2018)* using our INP would be interesting. Their 

results imply the surface-based aerosols have some meaningful correlation with cloud properties above at 

NSA. However, they did not subset for cases where the clouds are dynamically coupled to the surface, 

which would increase the likelihood that surface observations are representative at cloud height. Our 

long-term INP data set offers the potential to identify such ideal cases, plausibly even with statistical 

significance.  

 

*Norgren, M. S., de Boer, G., and Shupe, M. D.: Observed aerosol suppression of cloud ice in low-level 

Arctic mixed-phase clouds, Atmos. Chem. Phys., 18, 13345–13361, https://doi.org/10.5194/acp-18-

13345-2018, 2018. 

 

RC: Specific comments: 1. Abstract, Line 20, “Here, we present the first long-duration INP dataset from 

the Arctic”. Line 99, “This study represents one of the first efforts to elucidate seasonality in the 

abundance of immersion mode active INPs”. Such a description of “the first” is meaningless. Previous 

studies also reported year-round INP dataset from the Arctic, although based on offline measurements. 

For instance,    
 Pereira Freitas, G., Adachi, K., Conen, F., Heslin-Rees, D., Krejci, R., Tobo, Y., Yttri, K. E., and Zieger, P.: 

Regionally sourced bioaerosols drive high-temperature ice nucleating particles in the Arctic, Nat. Commun., 14, 

10.1038/s41467-023-41696-7, 2023. 

 Wex, H., Huang, L., Zhang, W., Hung, H., Traversi, R., Becagli, S., Sheesley, R. J., Moffett, C. E., Barrett, T. 

E., Bossi, R., Skov, H., Hünerbein, A., Lubitz, J., Löffler, M., Linke, O., Hartmann, M., Herenz, P., and 

Stratmann, F.: Annual variability of ice-nucleating particle concentrations at different Arctic locations, Atmos. 

Chem. Phys., 19, 5293–5311, https://doi.org/10.5194/acp-19-5293-2019, 2019. 

 Creamean, J. M., Barry, K., Hill, T. C. J., Hume, C., DeMott, P. J., Shupe, M. D., Dahlke, S., Willmes, S., 

Schmale, J., Beck, I., Hoppe, C. J. M., Fong, A., Chamberlain, E., Bowman, J., Scharien, R., and Persson, O.: 

Annual cycle observations of aerosols capable of ice formation in central Arctic clouds, Nat. Commun., 13, 

3537, 10.1038/s41467-022-31182-x, 2022. 

AR: The authors rephrased the relevant parts to: 

…we present a new long-duration INP dataset… (L21) 

This study reports on studying seasonality… (L103) 

 

RC: 2. Abstract, Line 24, which modes of ice nucleation can the ice nucleation experiment chamber 

(PINE-03) measure? 

AR: It is a predominantly immersion mode. However, Wilbourn et al. (2024)* state that PINE-03 is 

capable of measuring but not distinguishing between both immersion-mode and deposition-mode freezing 

events. Möhler et al. (2021)** reported that PINE-03 is capable of detecting pore condensation freezing 

and deposition freezing processes. These freezing modes may be seen when the chamber is supersaturated 

with respect to ice yet under a water-subsaturated condition. Thus, the much larger discrepancy in nINP at 

BRW may be due to low vs. high DPT. For instance, the immersion mode freezing cloud has been missed 

when DPT < Freezing T. However, as all previous PINE work at multiple sites has counted total INPs, we 

will report the same for this manuscript. This remains an area of uncertainty that could be examined by 

future researchers. We note that this important limitation is addressed in L538-. “PINE-03 is designed to 
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utilize ambient moisture to saturate the chamber during expansion cooling and for maintaining the 

chamber dew point temperature above freezing temperature. Dry winter conditions often lowered dew 

point and hindered INP measurements.” We believe we carefully phrased our measurable freezing 

definition in the current manuscript.  
*Wilbourn, E. K. et al.: Measurement report: A comparison of ground-level ice-nucleating-particle abundance and 

aerosol properties during autumn at contrasting marine and terrestrial locations, Atmos. Chem. Phys., 24, 5433–5456, 

https://doi.org/10.5194/acp-24-5433-2024, 2024. 

** Möhler, O. et al.: The Portable Ice Nucleation Experiment (PINE): a new online instrument for laboratory studies 

and automated long-term field observations of ice-nucleating particles, Atmos. Meas. Tech., 14, 1143–1166, 

https://doi.org/10.5194/amt-14-1143-2021, 2021. 

 
RC: 3. Abstract, Line 29, “(≈ 2 x 108 – 1010 m−2 for from −16 to −31 °C)”, What parameters are this 

data? Active site density ns ? It seems inconsistent with the main text results. What are the possible 

reasons? 

AR: It is ns, and the authors believe it is consistent with the main text results. We now clarify it is ns in 

the abstract.  

 

RC: 4. Abstract, Line 33, “surprisingly high nINP for the examined temperatures throughout the year that 

were not measured by PINE-03 at other sites”, What are the concentration ranges for Arctic and other 

sites, respectively? 

AR: ≥1 L-1 at −25 °C. We now clarify it in the abstract. 

RC: 5. Abstract, Line 29-34, what are the possible reasons or implications for the findings (1) and (2)? 

These are the description of data, but not suggestions or implications. 

AR: As stated in the abstract and conclusion, relatively low concentrations of aerosol surface area and 

contrasting high INP concentrations at BRW relative to mid-latitude sites are the possible reasons.  

 

RC: 6. Line 104, what does “natural aerosols” here mean? Sea spray aerosols? Biogenic aerosols? 

AR: We rephrased it to “ambient”. 

 

RC: 7. Line 124, “40 feet” is unnecessary here. 

AR: Ok. 

 

RC: 8. Line 141-150, these descriptions are unnecessary in this scientific paper. The contents should be 

shortened or deleted. The section of “INP CONCENTRATION MEASUREMENT” covers about two 

pages. The vey detailed information of the instrument can be shortened and referred to previous works. 

AR: Deleted. All abbreviations in the deleted section are written out at their first appearance.   

 

RC: 9. Line 190-201, How far is it between the two sites? What are the size ranges (upper limits) of 

measured particles for the two CPCs? The authors described a lot about the comparison between the 

results from the two CPCs. However, in the end, you only used the one at the Barrow site. Such an 

observation design and the descriptions make the readers confusing. 

AR: Two sites are 150 m apart. Both CPCs provide size-distribution measurements from ≈0.01 to ≈3.0 

µm according to the manufacturer and ARM handbook. We report the correlation of two CPCs to clarify 

this aerosol measurement is consistent between BRW and ARM-NSA sites for our study period at least, 

which might benefit future users of our INP data collected at BRW. We would like to keep this part as is. 

 

RC: 10. Section 5. AEROSOL DATA FLAGGING, why did you conduct this flagging. What does 

“contaminated” mean? More polluted air? 

AR: The PINE-03 operational flag was based on what the authors recorded in the logbook. Most common 

are OPC issues, diaphragm pump filter replacement, or labview crashes. All other flags are derived from 

https://doi.org/10.5194/acp-24-5433-2024
https://doi.org/10.5194/amt-14-1143-2021
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NOAA BRW data QA/QC analysis according to the following five observations. Dataset can be retrieved 

from: ftp://aftp.cmdl.noaa.gov/pub/betsy/hiranuma_BRW/ 

F1fContaminateWindSpeed_N61, - automatically flagged for low wind speed (1=flagged, 0=not flagged) 

F1fContaminateCPCSpike_N61, - automatically flagged for a sharp spike  

F1fContaminateCPCHigh_N61, - automatically flagged for really  high CPC counts  

F1fContaminateWindDirection_N61,- automatically flagged for wind direction 

F1fContaminateMentor_N61, - manual additional contamination identified by mentor (i.e., Dr. Betsy 

Andrews - NOAA) 

 

RC: 11. Figures 1, 3, 4, and 5: the readability of the figures is not good. The panels are too narrow, the 

slash lines are unclear, and the datapoints and legends are so crowded. Especially for Figures 4 and 5, the 

panels should be rearranged. Readers are difficult to get the information you want to transfer through 

these figures. 

AR: For better readability, we decided to display only seasonal averages for Figs. 1, 3, and 5. The original 

data are publicly available via https://doi.org/10.6084/m9.figshare.26615752.v3 (Pantoya and Hiranuma, 

2024*). The quality of Fig. 4 has been improved according to the guidance of RC1.  
* Pantoya, A. D., and Hiranuma, N.: The abundance of ground-level atmospheric ice-nucleating particles and 

aerosol properties in the North Slope of Alaska. figshare. Dataset, Ffgshare, 

https://doi.org/10.6084/m9.figshare.26615752.v3, 2024. 

 

RC: 12. Line 389, “clean nINP(T) data”, ambiguous phrase 

AR: Rephrased to “For freezing temperatures from −16 to −31 °C, Fig. 4b shows the lowest average 

nINP(T) (± standard error).”   

 

RC: 13. Line 398, IAF, are the size ranges of nINP(T), near the same? 

AR: Yes. Both INP and total aerosol abundances were measured through the inset stack inlet. The upper 

size of measurable near and nINP is limited by D50 of particles passing through the stack inlet, which is <3 

µm (Sect. S1). The near measurement is based on a CPC, which has a measurable size range from ≈0.01 to 

≈3.0 µm. The lower bound of measuremeable particle size is limited by a diffusion loss of particles 

through the inlet and should be consistent for both INP and total aerosols. Note that, while we cannot 

define the lower bound of measurable INP size, small aerosols provide small surfaces, which do not 

contain as many active sites as on larger particles (unless it is known ice nucleation active biological 

particles). The lower size limit of homogeneous freezing can be as small as the size a water cluster of 

100-300 water molecules (<10 nm), but it occurs below -35 °C, which is outside of our measured freezing 

temperature ranges. This discussion is now added to SI S1 as it is relevant to the measured particle loss 

discussion. 

 

RC: 14. Line 554-566, the descriptions are confusing. A much clearer description or figure illustration is 

required. 

AR: The authors simplified the descriptions: “Table 2 lists periods of high- and low-INP episodes and 

associated ns(T) parameters found at BRW. Since ns(T) accounts for both INP and aggregate aerosol 

properties, we use it as a representative ice nucleation efficiency index to select high- or low-INP periods 

in this study. High INP episodes are defined by ns values exceed their 75th percentile values at −20, −25, 

and −30 °C. In contrast, low INP episodes correspond to ns at the three temperatures below the 25th 

percentile”. We also modified Table 2 and Figure 9 captions, as well as SI S7, accordingly.  
 

RC: 15. Section 4 is missing. Section 5 Conclusions is too long. The conclusion section should be 

concise. The discussion should be a separate section or in the section of Results and discussion. 

AR: Now Section 3 is titled Results and Discussion, and Section 5 is changed to Section 4. The authors 

deleted about 300-word sentences, and the revised conclusion now fits within about a page with ≈500 

words.  


