
We thank the referees for their e.orts and comments. Below are the referee comments in 
bold and our responses in plain text. 

Report 1 

The authors addressed most of my points and improved the manuscript. However, 
before I can recommend this work for publication, a few open points / questions need 
to be addressed: 
 
The authors mentioned that they cannot capture the core and the corona individually 
with their experimental setup. Doesn’t that mean that HOx and NOx from the spark are 
mixed instantaneously, which would lead to the titration of OH via NO? Or phrased 
diEerently, is there enough space in the experimental setup to allow for the separate 
production of LHOx and LNOx? 

Yes, there is plenty of space for the separate production of LHOx and LNOx. The spark 
discharge is ~0.7 cm long with a core diameter of ~1 mm, for a total spark core volume 
around ~0.0055 cm3. Because NO needs the high core temperatures to form— NO in 
corona discharges has been measured to be orders of magnitude lower than it is in 
sparks— more than 99% of the spark NO is initially made inside just this small volume. The 
flow tube where the sparks are generated has an inner diameter of 46 mm. We know the UV 
radiation emitted by the sparks fills the whole 46 mm diameter and beyond, because we 
routinely measure this radiation with a spectrometer sitting above the flow tube in a 
di.erent set of experiments. Similarly, we know the corona sheath in lightning flashes 
extends out several meters beyond the 1 cm diameter core, so that the ratio of sheath 
volume to the core volume is at least 104:1. Applying this ratio to the spark discharge gives 
a potential sheath volume of ~55 cm3 and radius of 5 cm, so the corona sheath can 
similarly fill out to the edges of the flow tube. Thus, both the corona sheath and UV 
radiation can make LHOx in a volume several times larger than where LNO is made in the 
core. 

As for mixing, the GTHOS measurements are made in less than a second, right where the 
air leaves the flow tube. The volume of air it samples will containing both the core and the 
sheath, but that does not mean two volumes are well-mixed. The air is moving quite fast in 
the flow tube, at 50 slpm, and with laminar flow, leaving little opportunity for mixing before 
GTHOS samples it. The air does travel down additional tubing to reach the O3 and NOx 
analyzers, so the volumes these instruments sample will be mixed compared to the GTHOS 
measurements. 

We have modified the sentence at Line 54 in the Introduction (modifications underlined): 



“Surrounding this hot core is a weaker area of electrical discharge, called the corona 
sheath. The air temperature in the corona sheath is near ambient, and the electrical 
discharges from the sheath extend radially several meters from the hot core (Rakov and 
Uman, 2006), so that the ratio of the volume of the corona sheath to the volume of the core 
is at least 104:1.” 

We have also added the following paragraph as a new second paragraph in the Methods 
section: 

“As in real lightning, the core of the sparks is small relative to volume available for the 
corona sheath and ultraviolet radiation to occupy. Based on the visible light, the spark core 
is estimated to be ~1 mm in diameter across the 0.7 cm spark gap, so the core volume 
occupies ~0.006 cm3. Assuming a similar ratio of corona sheath to core in the sparks that is 
present in lightning, then the spark corona sheath can occupy a volume as large as 55 cm3 
with a radius of 5 cm, although the 4.6 cm inner diameter of the flow tube will be the actual 
cut o. point for the corona sheath. We can detect the UV radiation from the spark 
discharges with a spectrometer placed outside of the flow tube, so the UV radiation also 
travels well beyond the spark core. The air that the NO instrument samples through a 4 m 
long ¼” Teflon line is well mixed, indicating that the actual core NO is much higher than 
measured. However, GTHOS pulls 6 slpm and thus each 0.2 second measurement 
contains a volume of surrounding air hundreds of times larger than the ~0.006 cm3 volume 
of core air. Because GTHOS is right at the exit of the flow tube and the flow is laminar and 
50 slpm, molecular di.usion mixes the core air into a volume less than 1 cm3 at the longest 
reaction time of ~0.5 s. Thus, GTHOS samples both core and sheath air, but they are 
spatially separated in the flow tube when sampled.” 
 
The authors are often referring to previous work and I still recommend adding a 
paragraph to summarize these findings that lay the basis for the work presented here. 

We have added more details about our previous work, along with more information on the 
core vs. sheath/UV chemistry, throughout the entire Introduction.  
 

We have also made some minor modifications to the Abstract to reflect the clarifications 
made in the Introduction. 

 
I understand that HONO data are not available and diEicult to obtain for this 
experiment. The formation of HONO can fill the observed gap but remains speculative 
overall. While the authors do highlight this in the text, the Abstract and Figure 4 imply 



that this work has clarified and proven the mechanism, which is not the case. I 
recommend clarifying this. 

Since our last revision, we came across two papers that report enhanced HONO 
concentrations inside electrified clouds. We have therefore reworked the last paragraph of 
the manuscript to incorporate this information: 

“Di.erences in the model and laboratory HOx decays are resolved if substantial HONO is 
produced in the spark discharges and therefore HONO would also be a substantial product 
of lightning in the atmosphere. Aside from the substantial HONO production predicted in 
two lightning chemistry models (Bhetanabhotla et al., 1985; Hill & Rinker, 1981), enhanced 
HONO has been measured inside two di.erent electrified convective clouds (Dix et a., 
2009; Heue et al., 2014). The field studies estimate HONO mixing ratios from 37-160 pptv 
inside the clouds, a range much lower than what the modelling studies predict and the 1-2 
ppbv we expect is made in the laboratory sparks. However, both field cases measured the 
HONO using di.erential optical absorption spectroscopy, generating long path 
measurements that are averaged over the entire length of the cloud, while higher resolution 
measurements would likely show very high HONO mixing ratios in lightning a.ected air and 
lower mixing ratios in air lightning did not pass through. We are not aware of any laboratory 
measurements of electrically produced HONO. Measurements of electrically generated 
HONO, either in the laboratory or at higher spatial resolution in the field, would thus be a 
good target for future work.” 

We appreciate that even with this new information HONO formation in lightning is still not 
resolved. We have therefore also modified the Figure 4 caption: “Simplified progression of 
the proposed HOx and NOx chemistry…” 

And also modified the last sentence in the Abstract as follows: “Subsequent modelling of 
the laboratory data also supports the spatially separate production of LOH and NO and 
further suggests that substantial HONO may also be produced by sparks and lightning in 
the atmosphere.” 

 

Report 2 

The manuscript has been much improved with the revision and it now easy to read. I 
would just suggest to move figures S1 and S2 into the main manuscript, as these 
figures make it from my point of view much easier to understand the rest of the paper. 
In figure S1, the label of the x-axis says "Day of year", which is probably wrong and 
should be chande to time. 



We have moved Figures S1 and S2 to the main text and updated all Figure numbering in the 
main text and supplement. We have also changed the x-axis on what is now Figure 2 to 
“Time”. 

 


