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Okjline of jhe responses jo Referee commenjs�

Â. Response to Topical Editor comments (Page Â-Å¦

Ã. Response to Anonymous Referee ¾Â comments (page Æ-È¦

Ä. Response to Anonymous Referee ¾Ã comments (page É-ÂÈ¦

Response jo Topical Edijor Commenjs�

Topical Edijor skmmars of jhe paper�

The paper summarizes the thermodynamic data sets from two rotorcraft platforms operated by the University

of Nebraska-Lincoln (UNL¦ in support of the ÃÁÂÉ LAPSE-RATE campaign. Thermodynamic sensors are mounted

inside a custom passive aspiration and protective housing, and in some cases include a third externally mounted

sensor for comparison. Locations, times and plotted temperature and humidity measurements for each day’s

observations are presented, along with discussion of data processing.

AXWhoUV UeVponVe:

Thank \oX foU \oXU deWailed feedback and commenWV Wo impUoYe Whe TXaliW\
of Whe papeU. We haYe made Whe VXggeVWed changeV and coUUecWionV Wo Whe
papeU.

Cijajion isskes�

Â. pg Æ, line ÂÁÈ: add reference to special issue LAPSE-RATE overview de Boer, et. al.

de Boer, G. et. al, (ÃÁÃÁ¦ “Data Generated During the ÃÁÂÉ LAPSE-RATE Campaign:  An Introduction and

Overview,” Earth Syst. Sci. Data, https://doi.org/ÂÁ.ÆÂÊÅ/essd-ÃÁÃÁ-ÊÉ.

Ã. pg Æ, line ÂÂÂ: You included a reference to the MURC website, but didn’t cite it in the text that I found.

This would be a good place for it.

Ä. pg Ç, line ÂÂÈ: Not sure what you mean by your citation, “LAPSE-RATE Community, ÃÁÃÁ.” If this is the

BAMS paper, it’s not included in the reference list.

de Boer, G., et. al. (ÃÁÃÁ¦ “Development of Community, Capabilities and Understanding through

Unmanned Aircraft-based Atmospheric Research: The LAPSE-RATE Campaign,” BAMS-D-ÂÊ-ÁÁÆÁ, Bkll�

AZeg� Meje]g� S]c�, ÂÁÂ (Æ¦: EÇÉÅ–EÇÊÊ. https://doi.org/ÂÁ.ÂÂÈÆ/BAMS-D-ÂÊ-ÁÁÆÁ.Â

Å. pg ÂÃ-ÂÄ, References: revise in alpha order.

Æ. pg ÂÃ, line ÃÁÅ: not cited (Houston, ÃÁÂÃ¦

Ç. pg ÂÃ, line ÃÂÅ: not cited (MURC¦

È. pg ÂÃ, line ÃÃÃ: not cited (mobile surface vehicles¦

AXWhoUV UeVponVe:

Â

https://doi.org/10.5194/essd-2020-98
https://doi.org/10.1175/BAMS-D-19-0050.1


Thank \oX foU poinWing oXW Whe aboYe ciWaWion iVVXeV. MiVVing ciWaWionV
aUe added in UeleYanW We[WV, and Whe UefeUenceV aUe noZ UeYiVed in alpha
oUdeU.

Grammar and clarijs of jerj�

Â. pg È, Table Ä Headings: No. of Flights (add s in Flights¦

Ã. pg É, line ÂÇÅ: the first six flights (add s in flights¦

Ä. pg Ê, line ÂÈÆ: Add that it’s “plotted using an artificial horizontal axis offset for clarity.” Also correct

“figures serve” (remove the s in serves¦.

Å. pg ÂÁ, line ÂÉÂ: Remove redundant sentence, “ All data are available …”

AXWhoUV UeVponVe:

Thank \oX foU poinWing oXW Whe gUammaWical eUUoUV and VXggeVWionV foU
impUoYing claUiW\. We haYe coUUecWed Whe eUUoUV and impUoYed Whe claUiW\
in VXggeVWed lineV of We[W.

pg Ê, Figure Ä and line ÂÈÄ: Comment on the discrepancy between ascent and descent RH at low altitude in the

plots presented in Figure Ä. If the housing is designed to address ascent/descent differences, why are these

different?

AXWhoUV UeVponVe:

We haYe claUified Whe VoXUce of diVcUepanc\ beWZeen aVcenW and deVcenW RH
and TempeUaWXUe in FigXUe 3(noZ FigXUe 4). We haYe e[panded Whe capWionV
ZiWh moUe infoUmaWion Wo aid Whe V\nWheViV of infoUmaWion. We haYe added
Whe folloZing We[WV afWeU line 173 (noZ line 325):

²AlWhoXgh Whe hoXVing iV deVigned Wo addUeVV aVcenW/deVcenW diffeUenceV,
Whe VenVoU and Whe hoXVing haYe an inheUenW UeVponVe Wime WhaW can noW be
eliminaWed. The XWiliW\ of Whe pUeVenWed VenVoU hoXVing iV Wo keep Whe
effecWiYe UeVponVe Wime conViVWenW iUUeVpecWiYe of Whe aWmoVpheUic
condiWion oU oUienWaWion of Whe VenVoU UelaWiYe Wo Whe Zind/VXn. The daWa
pUeVenWed in Whe figXUeV aUe noW filWeUed oU coUUecWed foU effecWiYe
VenVoU UeVponVe Wime. The UaZ daWa ZiWhoXW an\ VenVoU UeVponVe coUUecWion
iV pUeVenWed Wo VhoZ Whe impacW of pUopeU VenVoU hoXVing on Whe
obVeUYaWionV collecWed b\ WempeUaWXUe and hXmidiW\ VenVoUV. ThiV UeVponVe
lag caXVeV a deYiaWion in aVcenW/deVcenW Ueading aV iV e[pecWed.
AVcenW/deVcenW deYiaWion foU hXmidiW\ VenVoU iV laUgeU dXe Wo iWV VloZeU
UeVponVe Wime in coldeU WempeUaWXUeV.EYen ZiWhoXW an\ coUUecWion, aVcenW
and deVcenW UeadingV in oXU daWa ZeUe ZiWhin Whe boXndV of VenVoUV
XnceUWainW\ (�0.3ƔC and �5 % RH) foU WempeUaWXUe and hXmidiW\ VenVoUV,
UeVpecWiYel\) and VhoZ hoZ effecWiYe VenVoU hoXVing iV in collecWing
TXaliW\ daWa. IW VhoXld be noWed WhaW coUUecWion can be done XVing VenVoU
UeVponVe Wime aV liVWed b\ Whe manXfacWXUeU in Table 1. A UigoUoXV
coUUecWion ZoXld UeTXiUe Whe chaUacWeUi]aWion of Whe VenVoU inVWalled in
Whe hoXVing ´aV floZnµ (McCaUWh\, 1973).The daWa fUom MURC (de BoeU eW
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al., 2020c) and UNL Mobile MeVoneW (de BoeU eW al., 2020c) can be XVed aV
an addiWional calibUaWion poinW, aV diVcXVVed in SecWion 5.³

pg Ê, Figures Å²Æ and line ÂÈÇ: Comment on results to notice in Figures Å and Æ. Also could comment on the

discrepancy between ascent and descent RH at low altitude in the plots presented in Figure Æ (there are a

number of ascent/descent differences¦.

AXWhoUV UeVponVe:

We haYe added UeVXlWV Wo noWice foU figXUe 4 and 5 (noZ 5 and 6). We haYe
e[panded Whe capWionV ZiWh moUe infoUmaWion Wo aid Whe V\nWheViV of
infoUmaWion. We haYe alVo added diVcXVVion of poWenWial VoXUceV of
diVcUepanc\ beWZeen aVcenW and deVcenW RH aW loZeU alWiWXdeV. AddiWional
We[WV WhaW ZeUe added:

²FigXUeV  5  and  6  VhoZ  pUimaU\  VenVoU  (XQ2) WempeUaWXUe  and
UelaWiYe  hXmidiW\  pUofileV,  UeVpecWiYel\,  foU all  Whe  flighWV
condXcWed beWZeen 15°19 JXl\ 2018. The pUofileV aUe ploWWed XVing an
aUWificial hoUi]onWal a[iV offVeW foU claUiW\. TheVe figXUeV VeUYe Whe
pXUpoVe of a TXick glance oYeU Whe enWiUe daWaVeW and Wo locaWe
inWeUeVWing flighWV foU fXUWheU VWXd\. IW VhoXld be noWed WhaW all Whe
pUeVenWed daWa aUe UaZ daWa aV collecWed b\ Whe VenVoUV ZiWhoXW an\
coUUecWion foU VenVoU UeVponVe Wime oU biaVcoUUecWion.In FigXUe 5, flighWV
condXcWed on 15, 16, and 18 JXl\ Wo inYeVWigaWe ´ConYecWion iniWiaWion
(CI)µ VhoZ a Zell-mi[ed aWmoVpheUe pUofile foU moVW flighWV ZiWh a VWead\
lapVe UaWe of WempeUaWXUe. DaWa fUom M600P1 on 18 JXl\ aW Whe Golf
locaWion (Vee Table 2 and 3) VhoZ Whe pUeVence of an inYeUVion in Whe
eaUl\ moUning flighWV. AlVo, noWice Whe laVW Wen pUofileV foU M600P1 ZiWh
YaU\ing Vpeed pUodXceV an aVcenW-deVcenW diffeUence of YaUioXV amoXnWV dXe
Wo change in effecWiYe VenVoU UeVponVe Wime. DaWa collecWed aW Leach
aiUpoUW Wo inYeVWigaWe ´BoXndaU\ la\eU WUanViWion (BLT)µ on 17 JXl\ VhoZ a
VWUong pUeVence of an inYeUVion in all flighWV.DaWa fUom 19 JXl\ collecWed
Wo inYeVWigaWe ´Cold aiU dUainage floZ (CDF)µ VhoZ pUogUeVVion of Whe ABL
fUom inYeUVion befoUe VXnUiVe in Whe eaUl\ flighWV Wo Zell-mi[ed condiWion
foU Whe laVW feZ flighWV of Whe da\.

In FigXUe 6, flighWV condXcWed on 17 JXl\ b\ M600P1 VhoZ pUimaU\ hXmidiW\
VenVoU failXUe. HoZeYeU, daWa fileV inclXde VecondaU\ VenVoU hXmidiW\
meaVXUemenWV WhaW VhoXld be XVed foU anal\ViV inVWead. Since Whe hXmidiW\
VenVoUV haYe a higheU VenVoU UeVponVe Wime in Whe WempeUaWXUe Ze condXcWed
moVW of oXU flighWV, iW ma\ VhoZ h\VWeUeViV higheU Whan Whe WempeUaWXUe.We
alVo foXnd WhaW Whe hXmidiW\ VenVoU ZoXld collecW micUo dXVW paUWicleV aV
iW ZaV being floZn, Zhich coXld affecW Whe accXUac\ of Whe VenVoUV
fXUWheU. AnoWheU inWeUeVWing feaWXUe of Whe hXmidiW\ daWa pUeVenWed heUe
VhoZV WhaW UeadingV aUe mXch VmooWheU Zhen collecWing daWa in an inYeUVion
compaUed Wo daWa in a Zell-mi[ed aWmoVpheUe. AddiWionall\, Whe diffeUence
beWZeen aVcenW and deVcenW iV mXch higheU neaU gUoXnd leYel foU moVW
flighWV; WhiV iV Whe UeVXlW of a Uapid change of hXmidiW\ neaU gUoXnd and
VenVoU UeVponVe Wime of hXmidiW\ VenVoUV.³

Ä



pg ÂÁ, line ÂÉÆ: Can the author contributions be more detailed? See other papers in the special issue for

examples to consider.

AXWhoUV UeVponVe:

We haYe XpdaWed Whe aXWhoU conWUibXWionV ZiWh moUe deWailV aV UeTXeVWed.
IW noZ UeadV:

²AH,  and  CD  planned  Whe  conWUibXWion  of  Whe UniYeUViW\  of
NebUaVka-Lincoln  conWUibXWionV  Wo  LAPSE-RATE. AI deVigned Whe VenVoU
hoXVing and VXppoUW VWUXcWXUeV. All aXWhoUV conWUibXWed Wo daWa collecWion
and anal\ViV. AI, AS, and CD ZeUe paUW of Whe mXlWiUoWoU flighW Weam. AI
and AS conWUibXWed Wo daWa pUoceVVing and pUeVenWaWion. AI conVWUXcWed Whe
manXVcUipW. All aXWhoUV conWUibXWed Wo manXVcUipW ediWV. AH, and CD
acTXiUed Whe fXnding foU Whe papeU.³
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Response jo Anonsmoks Referee ¾Â commenjs

General Commenjs from Anonsmoks Referee ¾Â�

This data paper highlights contributions from researchers at the University of Nebraska-Lincoln to the ÃÁÂÉ

LAPSE-RATE Campaign. The paper is well organized and provides sufficient explanation of the hardware used in

data collection. The sensor deployment used to collect the data is relatively unique among LAPSE-RATE

participants.

AXWhoUV UeVponVe:

Thank \oX foU \oXU deWailed feedback and commenWV Wo impUoYe Whe TXaliW\
of Whe papeU. We haYe made Whe VXggeVWed changeV and coUUecWionV Wo Whe
papeU.

Specific Commenjs�

Line ÂÈ - Define what fixed-site profiling means here. I believe the intent is that multirotors can fly to and remain

at a fixed point for a period of time.
AXWhoUV UeVponVe:

We haYe XVed a diffeUenW ZoUd Wo beWWeU e[pUeVV Whe inWenW. The line 17
(noZ 35) UeadV:
² MXlWiUoWoUV e[Wend Whe Vampling capabiliW\ b\ alloZing Uapid and
UepeaWable pUofiling aW an\ ViWe Zhile mainWaining a fi[ed hoUi]onWal
poViWion.³

Line ÃÁ - Define CLOUD-MAP before first use.

AXWhoUV UeVponVe:

We haYe added a definiWion foU Whe WeUm befoUe iWV fiUVW XVe.

Line ÆÁ - Why weren’t the barometric pressure sensors integrated in the iMet-XQÃ and nimbus-pth sensors

included in the technical description?
AXWhoUV UeVponVe:
We haYe added a noWe Wo indicaWe WhaW pUeVVXUe VenVoU daWa iV alVo
aYailable. OXU VenVoU hoXVing deVign iV focXVed on Whe WempeUaWXUe and
hXmidiW\ VenVoUV and aV VXch Whe Wechnical diVcXVVion iV focXVed on WhaW.
HoZeYeU, Ze inclXded Whe pUeVVXUe VenVoU daWa WhaW Ze collecWed Vo WhaW
can be XVed b\ an\one inWeUeVWed (e.g., Wo find poWenWial WempeUaWXUe fUom
WempeUaWXUe daWa).

Line ÉÃ - Elaborate on what periodic checks of the data means. I assume you mean a human is observing that

data are being collected and the values appear to be reasonable. Were there instances where you observed

abnormal data collection mid-flight using the wireless data stream and modified or aborted a flight, or switched

Æ



out instrumentation after a flight?
AXWhoUV UeVponVe:

We claUified ZhaW Ze meanW b\ peUiodic checkV. We did noW obVeUYe Whe daWa
in Ueal Wime bXW onl\ afWeU Whe UAS haV landed. The We[W noZ UeadV:
²The OdUoid ZaV connecWed ZiWh a gUoXnd compXWeU XVing ZiUeleVV 2.4 GH]
XBee UadioV foU Whe opeUaWion of DAQ, debXgging, and peUiodic checkV on
Whe daWa Zhen Whe UAS finiVhed a flighW. The daWa collecWed b\ Whe DAQ
ZeUe UeWUieYed Wo Whe gUoXnd compXWeU foU aUchiYing aW Whe end of each da\
XVing an eWheUneW connecWion.³

Line ÉÄ ² ÉÅ - Was the interface between the DJI MÇÁÁP flight controller and the Odroid a turn-key solution or

did you have to develop any custom software to decode the DJI telemetry stream? Were GPS data from the

iMet-XQÃ/Â discarded?
AXWhoUV UeVponVe:

We haYe added moUe infoUmaWion on WhiV in Whe We[W. We XVed DJIV deYelopeU
API foU ROS Wo enable VWUeaming of WelemeWU\ daWa Wo Whe DAQ. We didnµW
ZUiWe an\ cXVWom VofWZaUe foU DJI flighW conWUolleUV. GPS daWa fUom iMeWV
ZeUe diVcaUded dXUing Whe LAPSE-RATE daWa collecWionV aV Ze foXnd iW Wo be
YeU\ XnUeliable. BXW Whe VofWZaUe ZaV laWeU fi[ed afWeU Whe campaign Wo
enable UecoUding of GPS daWa aV addiWional UedXndanc\. We added Whe
folloZing We[W:
²The commXnicaWion ZiWh Whe DJI flighW conWUolleU ZaV implemenWed XVing
Whe ROS inWeUface of DJI OnboaUd SDK (DJI,2021c) aYailable Wo
deYelopeUV.  ThiV  alloZed  Whe  UecoUding  of  all Whe  WelemeWU\  daWa
fUom  Whe  flighW  conWUolleU,  along  ZiWh high-TXaliW\ poViWioning
infoUmaWion. The GPS daWa fUom Whe iMeW XQ2/ iMeW XQ1 VenVoU ZeUe
diVcaUded aV Whe poViWioning infoUmaWion fUom Whe flighW conWUolleU ZaV
foXnd Wo be of beWWeU TXaliW\.³

Line ÂÂÂ - Define MURC before first use.

AXWhoUV UeVponVe:

We haYe added a definiWion foU Whe WeUm befoUe fiUVW XVe.

Technical Correcjions�

Line ÉÄ - add ±The± in front of ±UAS’s±.

AXWhoUV UeVponVe:

Thank \oX foU poinWing iW oXW. We haYe fi[ed WhiV eUUoU.

Lines ÂÁÃ ² ÂÁÄ - Spell out approximate instead of approx. Replace ∼ with the same term for consistency.

AXWhoUV UeVponVe:

Ç



Thank \oX foU poinWing iW oXW. We haYe Ueplaced Whe Vign and VhoUW
noWaWion.

Use ±g± instead of ±gm± for abbreviated units of grams.

AXWhoUV UeVponVe:

Thank \oX foU poinWing iW oXW. We haYe fi[ed WhiV eUUoU and oWheU XniW
inconViVWencieV WhUoXghoXW Whe papeU.

Check the journal spacing requirements when using units. Spacing is inconsistent throughout the manuscript and

tables.

AXWhoUV UeVponVe:

Thank \oX foU poinWing iW oXW. We haYe fi[ed Whe XniW Vpacing accoUding Wo
joXUnal UeTXiUemenWV WhUoXghoXW Whe papeU.

Some minor editing for consistent uses of past tense is needed.

AXWhoUV UeVponVe:

Thank \oX foU poinWing iW oXW. We haYe ediWed Whe papeU Wo make moUe
conViVWenW XVe of paVW WenVe.

È



Response jo Anonsmoks Referee ¾Ã commenjs

General Commenjs from Anonsmoks Referee ¾Ã�

This data overview paper outlines and describes the rotary-wing UAS data collected by the University of

Nebraska-Lincoln in the ÃÁÂÉ LAPSE-RATE campaign. The writing is clear and concise and the paper is decently

well structured. There are a few aspects that I would like to see improved before publication, and I move to

accept with major revisions to enhance the details of this paper.

I think that the discussion of the hardware (Section Ã¦, though concise, was well handled and provides a

thoughtful overview of the system utilized for data collection. However, more information about the logistics of

data collection (Section Ä¦ would be nice.

The biggest complaint that I have with this paper is that it is lacking in context and specifics. This paper feels

detached from the special issue’s context. It currently does not even reference the campaign’s overview article in

this special issue or the Bulletin of the American Meteorological Society that would help provide the missing

backdrop for this data set. Please make a greater effort to tie in your work to the context of the larger effort.

In general, there are a few stylistic points that could be improved as well. Most figure captions are also lacking in

detail that could help to better inform the reader about the purpose of including the figures. This issue should

also be addressed in the main text by discussing the figures and their significance more. Moreover, please be

sure to follow the ESSD journal conventions for including numbers and units (see here:

https://www.earth-system-science-data.net/submission.html¾math¦. Please see the points below for more

specific instances of these recommendations.

AXWhoUV UeVponVe:

Thank \oX foU \oXU deWailed feedback and commenWV Wo impUoYe Whe claUiW\
of Whe We[WV, inclXVion of conWe[WV foU a bUoadeU aXdience, and TXaliW\ of
Whe papeU. We alVo appUeciaWe Whe feedback Wo e[Wend Whe papeU Wo impUoYe
Whe UelaWionVhip of Whe papeU Wo Whe oYeUall LAPSE-RATE campaign.

Major Commenjs

Â. Section Â, Introduction: in general, this paper is missing the context of being part of the larger

LAPSE-RATE campaign, which should be improved by including references and discussion for at least the

following:

a. de Boer et al. (ÃÁÃÁa¦: https://doi.org/ÂÁ.ÂÂÈÆ/BAMS-D-ÂÊ-ÁÁÆÁ.Â

b. de Boer et al. (ÃÁÃÁb¦: https://doi.org/ÂÁ.ÆÂÊÅ/essd-ÂÃ-ÄÄÆÈ-ÃÁÃÁ

AXWhoUV UeVponVe:

We haYe e[panded Whe inWUodXcWion, added moUe ciWaWionV inclXding Whe
one menWioned, and added moUe We[W WhUoXghoXW Whe papeU deVcUibing
oXU daWa collecWion effoUW in Whe conWe[W of Whe laUgeU LAPSE-RATE
campaign. We haYe alVo added ciWaWionV foU oWheU plaWfoUmV collecWing
daWa VimXlWaneoXVl\ ZiWh XV in Vome occaVionV (VXch aV calibUaWion oU

É

https://doi.org/10.1175/BAMS-D-19-0050.1
https://doi.org/10.5194/essd-12-3357-2020


inYeUVion flighWV). AddiWionall\,
-Added moUe conWe[W and ciWaWion in SecWion 3.1 deVcUibing oXU daWa
collecWion ViWeV in Whe conWe[W of LAPSE-RATE campaign. UpdaWed
figXUe 2 ZiWh an inVeW VhoZing UNLµV flighW locaWion in Whe conWe[W
of all Whe LAPSE-RATE campaign Weam locaWionV.
-Added moUe deWailV WhUoXghoXW SecWion 3.2 Wo highlighW hoZ Whe daWa
collecWion of UNL ZaV paUW of a collaboUaWiYe effoUW beWZeen
LAPSE-RATE WeamV.

Ã. Sections Â and Ã.Ä: while the authors do a good job of discussing their sensor housing setup, it is also

important to include references to other studies that have performed similar work to provide context to

someone trying to use this data that may or may not be familiar with UAS sensor housing and

limitations. I would therefore like to see the following:

a. Provide more discussion/details here from the the Islam et al. (ÃÁÂÊ¦ paper to better

contextualize this specific aircraft.

b. Depending on the specific details you include from the Islam et al. (ÃÁÂÊ¦ study, it would also be

beneficial to elaborate more on the Villa et al. (ÃÁÂÇ¦, and Prudden et al. (ÃÁÂÇ¦ studies.

c. More context could be added by including and possibly briefly discussing the Greene et al.

(ÃÁÂÊ¦ study (https://doi.org/ÂÁ.ÄÄÊÁ/sÂÊÁÇÂÅÈÁ¦, which is effectively a continuation of their

ÃÁÂÉ study you already cited and is more closely related to the applications of the sUAS

discussed in this ESSD paper.

AXWhoUV UeVponVe:

We haYe elaboUaWed diVcXVVion of VenVoU hoXVing VeWXp and iWV
diffeUence ZiWh oWheU UeleYanW VeWXpV ZiWh moUe ciWaWionV in boWh
SecWion 1 and 2.3.

Ä. Section Ä.Â (L ÂÁÈ¦: The reader has no context for what these sites are without the introduction of the

LAPSE-RATE campaign as a whole, which is currently missing from Section Â. Please provide proper

context (and citations¦ to how these sites fit with the larger campaign as well as some details about

them.

AXWhoUV UeVponVe:

Thank \oX foU \oXU VXggeVWion. We haYe added moUe conWe[W WhUoXghoXW
Whe papeU Wo idenWif\ oXU ZoUk in Whe conWe[W of Whe laUgeU
LAPSE-RATE campaign aV oXWlined in UeVponVe Wo majoU commenW 1.

Å. Section Ä.Ã: I think this section would benefit from further organization, more specifically by splitting

each day into subsections and provide more details per day (please look at the other accepted/published

papers in this ESSD special edition¦.

AXWhoUV UeVponVe:

Thank \oX foU \oXU UecommendaWion. We haYe VpliW Whe VecWion inWo
VXbVecWionV and added moUe deWailV peU da\ Wo beWWeU infoUm Whe
UeadeU aboXW Whe VWUaWeg\ and Wimeline of eYenWV on each da\ on each
Vampling locaWion.
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Æ. L ÂÅÃ: You mention using a “zero-order-hold-method” here as your main data processing method. Please

elaborate what this method is and how you applied it here in constructing your data files.

AXWhoUV UeVponVe:

We haYe elaboUaWed ZhaW ]eUo-oUdeU-hold meanV and jXVWificaWion foU
XVing iW in oXU caVe. The We[W noZ UeadV:
² .....Wo maWch Whe oXWpXW UaWe of pUimaU\ VenVoUV. In Whe ZOH
meWhod,Vample YalXe iV held conVWanW foU one Vampling peUiod, i.e.,
Zhen WempeUaWXUe daWa iV UecoUded fUom WempeUaWXUe VenVoUV, Whe laVW
knoZn YalXe of alWiWXde fUom GPS daWa iV UecoUded ZiWhoXW an\
inWeUpolaWion. Since Whe GPS daWa iV UecoUded aW a higheU fUeTXenc\
fUom Whe flighW conWUolleU, iW iV aVVXmed Wo be cloVe and ZiWhin
GPSµV XnceUWainW\ of meaVXUemenW. InYalid oU miVVing.....³

Ç. Section Ä: In Line ÂÃÅ, you mention you could not go to altitudes above ÂÃÁ m because the NOTAM was

not active. This sentence is a bit misleading because there is no mention of how else you accessed the

airspace and generally the NOTAM is just the proof the request was filed properly. This section would

benefit from what permissions you relied on (COA or ÂÁÈ exemption¦ and what your maximum allowed

altitude was. With more people getting into sUAS work, it°s important for people within our community

to be transparent about how to legally do this work.

AXWhoUV UeVponVe:

Thank \oX foU poinWing iW oXW. We haYe added addiWional deVcUipWion
on Whe flighW peUmiVVion fUom FAA and oXU VafeW\ pUacWiceV. The We[W
in VecWion 3.2 noZ UeadV:

²All Whe flighWV ZeUe condXcWed XndeU Whe command of one UemoWe piloW
in command (PIC) ZiWh ´FedeUal AYiaWion Admin-iVWUaWion (FAA) paUW
107µ licenVe in accoUdance ZiWh FAAµV UXle. All Whe flighWV inclXded
in Whe daWaVeW ZeUe condXcWed XVing pUepUogUammed miVVionV in DJI
GUoXnd SWaWion (GS) PUo app (DJI, 2021a) b\ Whe UemoWe piloW in
command (PIC), ZiWh YeU\ feZ e[cepWionV of manXal flighWV.
OccaVionall\ Whe UemoWe PIC Wook conWUol oYeU VegmenWV of flighW fUom
Whe aXWomaWic miV-Vion conWUol of Whe app Zhen deemed VafeU b\ Whe
PIC, e.g., paVVing WhUoXgh a WXUbXlenW la\eU of aWmoVpheUe. AlWhoXgh
YiVXal obVeUYeUV (VO) ZeUe noW UeTXiUed b\ FAA, WZo VO ZeUe pUeVenW
aW each flighW locaWion foU gUeaWeU ViWXaWional aZaUeneVV and VafeW\
dXUing each flighW. VOV ZeUe moniWoUing Whe UASµV moYemenW, Wook
handZUiWWen noWeV aboXW flighW eYenWV and ZeaWheU,and Vcanned Whe
VXUUoXnding aUea foU manned and Xnmanned flighWV.All Whe flighWV ZeUe
legall\ condXcWed XndeU FAA CeUWificaWe of AXWhoUi]aWion (COA) foU
alWiWXdeV Xp Wo 914.4 m AGL Zhen noWiceV Wo aiUmen (NOTAMV) ZeUe
acWiYe in Whe blXe aUea maUked in Whe ´inVeW (A)µ of FigXUe 2. FoU
all oXU flighWV, hoZeYeU, Ze ZeUe limiWed Wo fl\ing Xp Wo a 500 m
ma[imXm alWiWXde dXe Wo Whe alWiWXde limiWaWion VeW in Whe fiUmZaUe
of Whe UAS. In Whe da\V Zhen NOTAMV ZeUe noW acWiYe foU COA, all Whe
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flighWV ZeUe condXcWed Xp Wo Whe legal flighW limiW of 121 m AGL aV
defined in Whe ´paUW 107µ UegXlaWionV.³

È. Section Æ Special topics of interest (L ÂÆÃ¦: I very much enjoy the presentation of how this data set can

be used to examine broader questions of platform and sensor performance. However there is little to no

context as to why these topics are important for people outside our community who might be interested

in using this as sounding data. I suggest you provide few sentences of background as to why each of

these are important before saying which flights may be utilized to examine this phenomena. For

example, what are some of the challenges associated with not optimizing ascent/descent speeds? Wind

direction versus sampling?

AXWhoUV UeVponVe:

Thank \oX foU \oXU commenW. We haYe added addiWional e[planaWion and
backgUoXndV on each VecWion. The folloZing We[WV ZeUe added foU each
VXbVecWion.

²5.1 CalibUaWion.....CoUUecWion of biaV in VenVoU UeadingV dXUing
poVW-pUoceVVing UeTXiUeV calibUaWion againVW a knoZn Ueliable
meaVXUemenW. IW alVo VeUYeV aV addiWional YalidaWion foU Whe VenVoU
plaWfoUmV and WheiU collecWed daWa. IW alVo faciliWaWeV Whe
com-paUiVon of daWa collecWed b\ diffeUenW plaWfoUmV b\ pUoYiding a
²gUoXnd-WUXWh³ Wo compaUe againVW. .....³

²5.2 EffecW of aVcenW/deVcenW Vpeed........While iW iV deViUable Wo
moYe aW a faVWeU Vpeed Wo opWimi]e baWWeU\ poZeU XVage Wo pUofile aW
gUeaWeU alWiWXdeV, iW ma\ conWUibXWe Wo Whe effecWiYe VenVoU UeVponVe
Wime. ChaUacWeUi]ing Whe VenVoU UeVponVe aW Whe diffeUenW aVcenW and
deVcenW VpeedV ZoXld alloZ foU Whe coUUeVponding coUUecWion in Whe
poVW-pUoceVVing of Whe daWa..."

²5.3 DeWecWion of InYeUVion.........The flighWVZeUe cooUdinaWed ZiWh
UadioVonde laXncheV fUom NaWional SeYeUe SWoUmV LaboUaWoU\ (NSSL) Wo
compaUe Whe UAS pUofileVagainVW Whe UadioVonde pUofileV. UniYeUViW\
of NebUaVka-Lincoln (UNL) Mobile MeVoneW ZaV alVo collecWing daWa aW
Whe gUoXnd foU VXUface-leYel obVeUYaWionV. DaWaVeW foU UadioVonde
obVeUYaWionV b\ NSSL (Bell eW al., 2021), and VXUface obVeUYaWionV
b\UNL Mobile MeVoneW (de BoeU eW al., 2020c) iV Xploaded Wo Zenodo
foU inWeUcompaUiVon. The abiliW\ Wo deWecW Whe inYeUVion aW Whe
coUUecW alWiWXde b\ Whe UAS VenVoU pUoYeV WhaW UAS iV collecWing Whe
obVeUYaWionV aW Whe VenVoU leYel UaWheU Whan fUom Whe XpZaVh oU
doZnZaVh of Whe UAS. AddiWionall\, deWecWion of inYeUVion pUoYideV
confidence in Whe TXaliW\ of Whe daWa fUom Whe VenVoU hoXVing in boWh
aVcenW and deVcenW. DiffeUenW aVcenW deVcenW VpeedV aUe XVed Wo
idenWif\ Whe ma[imXm Vpeed WhaW can be XVed Zhile VWill acTXiUing
TXaliW\ daWa. ChaUacWeUi]aWion of Whe VenVoU in Whe inYeUVion la\eU
pUoYideV a meanV foU coUUecWion of obVeUYaWion leYel in caVe an
offVeW iV deWecWed in Whe inYeUVion la\eU Zhen compaUed Wo a
UadioVonde. TheVe daWa coXld alVo be XVed foU compaUiVon Wo Whe
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WheoUeWical ZoUk foU aVcenW and deVcenW UaWe of VenVing plaWfoUmV
(HoXVWon and KeeleU, 2020).³

²5.4 EffecW of bod\-UelaWiYe Zind diUecWion and HoUi]onWal
WUanVecW.......TheVe daWa can alVo be compaUed ZiWh UadioVonde
pUofile (Bell eW al., 2021) and VXUface obVeUYaWionV (de BoeU eW al.,
2020c) VimilaU Wo SecWion 5.3. The hoUi]onWal flighWV aW diffeUenW
VpeedV againVW YaUioXV oUienWaWionV of Zind pUoYide addiWional
chaUacWeUi]aWionV foU Whe TXaliW\ of VenVoU daWa aW YaUioXV
aWmoVpheUic Zind condiWionV. DiffeUenW hoUi]onWal flighW Vpeed
VimXlaWeV diffeUenW incidenW Zind Vpeed aW Whe VenVoU hoXVing inleW
and WheiU effecW on Whe obVeUYaWionV. AW Whe Vame Wime, Whe
oUienWaWion of VenVoU hoXVing VimXlaWeV incidenW Zind aW diffeUenW
oUienWaWionV and WheiU effecWV on Whe VenVoU obVeUYaWionV.The
oUienWaWion chaUacWeUi]aWion iV paUWicXlaUl\ impoUWanW aV ZaVWe heaW
fUom UAS can be caUUied inWo Whe VenVoU hoXVing in an XnfaYoUable
Zind oUienWaWion. An\ biaV WhaW ma\ appeaU in WheVe WeVWV ZoXld need
Wo be conVideUed in Whe pUofiling flighW plan Wo opWimi]e Whe
oUienWaWion of Whe VenVoU hoXVing inleW UelaWiYe Wo Whe Zind Wo
collecW TXaliW\ daWa and make appUopUiaWe coUUecWionV in Whe
poVW-pUoceVVing. OXU anal\ViV of WheVe daWa can alVo be foXnd in oXU
pUeYioXV ZoUk (IVlam eW al., 2019). AlWhoXgh WUadiWionall\ mXlWiUoWoU
UAS iV XVed foU YeUWical pUofiling; oXU daWa VhoZV Ueliable daWa
collecWion iV alVo poVVible foU hoUi]onWal pUofile/WUanVecW XVing oXU
VenVoU hoXVing.
³

É. Figures Å and Æ: I’m not sure I understand the utility of presenting the data in this manner. Especially in

the humidity sensors you seem to be having a fair bit of hysteresis. Please provide discussion as to

whether this is an accurate depiction of the environmental variability or if it more closely linked to

sensor hysteresis.
AXWhoUV UeVponVe:

Thank \oX foU \oXU commenW. We haYe claUified in Whe capWion and
deVcUipWion in figXUe 4 and 5 (noZ 5 and 6) WhaW Whe daWa Ze
pUeVenWed aUe UaZ daWa and noW coUUecWed foU VenVoU biaV. Since Whe
hXmidiW\ VenVoU haV mXch VloZeU UeVponVe Wime h\VWeUeViV Veen in UaZ
daWa iV higheU aV Zell. AddiWionall\, Ze haYe added Vome diVcXVVion
on UeVXlWV Wo noWice on boWh figXUeV WhaW coXld be XVed Wo idenWif\
Vpecific pUofileV Wo inYeVWigaWe fXUWheU baVed on Whe Vcience
objecWiYe.

Minor Commenjs�

Physical unit convention requirements:

Â. L ÅÅ: there should be a space between the number and units; “mm” should not be italicized

Ã. L ÅÈ: change instances of “m/s” to use a “-Â” exponent instead
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Ä. L ÆÆ: insert a space between “Â Hz”

Å. L ÈÁ: unit conventions on Æm/s

Æ. L ÂÁÄ: fix the unit conventions for “grams”

Ç. L ÂÂÄ-ÂÂÅ: fix the unit conventions for m, m/s, and seconds.

È. L ÂÂÊ: fix the unit conventions for m and m/s

É. L ÂÃÅ: fix unit conventions for m and m/s

Ê. L ÂÅÄ: “Â second” should be “Â s” to be consistent with unit conventions

ÂÁ. L ÂÇÂ-ÂÇÃ: unit conventions for m and m/s

ÂÂ. L ÂÇÆ: unit conventions for m/s

AXWhoUV UeVponVe:

Thank \oX foU poinWing iW oXW. We haYe fi[ed Whe XniW Vpacing and
pUeVenWaWion accoUding Wo joXUnal UeTXiUemenWV WhUoXghoXW Whe papeU.

Grammar issues:

Â. L É: replace “temperature/humidity sensors” with “temperature and humidity sensors”

Ã. L É: I believe there is a subject/verb disagreement in “...attempt to separate them…”

Ä. L ÃÁ: please define the acronym “CLOUD-MAP”

Å. L ÆÅ: remove the comma after “GPS” at the start of the line

Æ. L ÆÇ: please define the acronym “DAQ” as this is the first instance of use

Ç. L ÇÂ: insert “the” so it reads: “In the data files, the first two sensors…”

È. L ÈÊ: ‘Fail’ should be ‘failure’.

É. L ÉÂ: insert a comma to read as: “...DAQ, debugging, and periodic…”

Ê. L ÉÅ: ‘Interface’ should be ‘interfaces’.

ÂÁ. L ÂÁÁ: add an “s” onto the end of “sensor” to read as: “It also allows comparison of the sensors

mounted on…”

ÂÂ. L ÂÁÂ: Add a comma after “when the primary sensors fail,”

ÂÃ. L ÂÁÂ: Remove the comma in the date at the end of the line to read as “ÂÈ July ÃÁÂÉ”.

ÂÄ. L ÂÁÆ, Section Ä header: remove the comma after “locations”

ÂÅ. LÂÁÈ: add an “and” and “the” to read as: “...Leach, India, and Charlie in the LAPSE-RATE flight campaign”.

ÂÆ. L ÂÂÊ: change “in Golf and Gamma location” to “at the Golf and Gamma locations”

ÂÇ. L ÂÃÈ: add an “s” at the end of “condition”

ÂÈ. L ÂÅÂ: add “the” in front of “UAS flight controller”

ÂÉ. L ÂÇÁ: date format earlier in the paper was DD month YYYY; please change to be consistent here

ÂÊ. L ÂÇÂ: add a local conversion to MDT from UTC

ÃÁ. L ÂÈÅ: change wording at the beginning to be: “Figures Å and Æ show primary sensor…”

ÃÂ. Table Ä: No. of Flight should be plural

AXWhoUV UeVponVe:

Thank \oX foU poinWing oXW Whe gUammaWical eUUoUV. We haYe fi[ed Whe
eUUoUV and made addiWional gUammaU checkV on Whe neZ UeYiVion of Whe
papeU.

Formatting issues:
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Â. L ÆÁ, Section Ã.Ã header: remove the colon at the end

Ã. Section Ã.Æ in general: please make the boldface headers into subsubsections. For example, L ÊÂ should

change to: “Ã.Æ.Â UAS platform MÇÁÁPÂ”, etc.

Ä. Section Æ in general: please specify subsections for the bold headings and remove the colons after the

headings. For example, L ÂÆÅ should read as: “Æ.Â: Calibration”.

Å. Table Ä: Please make more noticeable if multiple aircraft are at the same location for a day (e.g., add an

“²” in between them¦

AXWhoUV UeVponVe:

Thank \oX foU poinWing oXW Whe foUmaWWing iVVXeV. We haYe made Whe changeV
aV UeTXeVWed Wo incUeaVe UeadabiliW\ of Whe infoUmaWion pUeVenWed in Whe
papeU.

Other minor comments:

Â. L ÂÅ-ÂÆ: more references providing examples of how multirotor UASs are gaining popularity would be

useful
AXWhoUV UeVponVe:
We added moUe ciWaWionV ZiWh moUe deVcUipWiYe mXlWiUoWoU e[ampleV.
Te[W noZ UeadV:
²MXlWiUoWoU UASV aUe finding moUe UoXWine XVeV foU Vampling and
pUofiling Whe ABL, VXch aV aWmoVpheUic pUofiling (Bonin eW al., 2013;
ElVWon eW al., 2015; GUeaWZood eW al., 2017; Jacob eW al., 2018;
IVlam eW al., 2019; BaUbieUi eW al., 2019; SegaleV eW al., 2020),
eVWimaWion of Whe VpaWial VWUXcWXUe of WempeUaWXUe (HemingZa\ eW al.,
2020), Zind meaVXUemenW (PUXdden eW al.,2016; Palomaki eW al., 2017),
and pUedicWion of LagUangian coheUenW VWUXcWXUe (Nolan eW al.,
2018).³

Ã. L ÂÇ-ÂÇ: What are some examples of applications that would benefit from sounding data with increased

spatiotemporal resolution? Additional references and specifics here would be nice.
AXWhoUV UeVponVe:
We added moUe ciWaWionV ZiWh e[ampleV of applicaWionV WhaW ZoXld
benefiW fUom incUeaVed UeVolXWion. The We[W noZ UeadV:
²The need foU incUeaVed VpaWial UeVolXWion foU aWmoVpheUic Vampling
iV UeflecWed in pXblicaWionV, VXch aV impUoYing NXmeUical WeaWheU
PUedicWion  (NWP)  modelV  (LeXenbeUgeU  eW  al., 2020),
impUoYemenW  of  meVoVcale  aWmoVpheUic  foUecaVW (DabbeUdW eW al.,
2005), and idenWificaWion of ha]aUdoXV ZeaWheU foU Be\ond ViVXal Line
of SighW(BVLOS) flighWV XVing UAS TUaffic ManagemenW (UTM) V\VWemV
(MiWchell eW al., 2020).³

Ä. L ÃÆ: what do you mean by “validity of the measurement”? Please elaborate.
AXWhoUV UeVponVe:
We changed Whe ZoUding fUom ´YalidiW\µ Wo ´accXUac\µ Wo impUoYe Whe
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claUiW\ of meaning aV Ze inWended in Whe We[W.

Å. L ÄÊ: to conclude the introduction, please include a general outline for how the rest of the paper is

organized.
AXWhoUV UeVponVe:
We added a geneUal oXWline of hoZ Whe UeVW of Whe papeU iV oUgani]ed.

Æ. L ÊÁ: please connect these sensor descriptions back to the diagram of the UAS in Figure Â for reference.
AXWhoUV UeVponVe:
We added moUe VenWenceV UefeUencing Whe VenVoU poViWionV in FigXUe 1.

Ç. L ÂÂÄ-ÂÂÅ: “ascended to the height of the MURC tower.” How tall is that?
AXWhoUV UeVponVe:
We haYe claUified Whe heighW of Whe MURC WoZeU. We alVo added
addiWional deWailV foU oWheU plaWfoUmV collecWing daWa
VimXlWaneoXVl\. We haYe alVo added an image of Whe UAS plaWfoUmV
Vampling ne[W Wo Whe MURC WoZeU Wo add YiVXal conWe[W foU Whe UeadeU
aboXW VpaWial diVWUibXWion of Whe VenVing plaWfoUmV. Te[W noZ UeadV:

²MURC WoZeU inVWUXmenWaWionV ZeUe VeW Wo 15.2 m AGL. UniYeUViW\ of
NebUaVka-Lincoln (UNL) Mobile MeVoneW ZaV alVo collecWing daWa aboXW
2 m AGL foU VXUface-leYel obVeUYaWionV. AddiWionall\, peUiodic
UadioVonde laXncheV ZeUe condXcWed b\ NaWional SeYeUe
SWoUmVLaboUaWoU\ (NSSL). FigXUe 3 VhoZV an oYeUYieZ of Whe VpaWial
diVWUibXWion of Whe MURC WoZeU, UAS plaWfoUmV, and UNLMobile MeVoneW.
DeWailV aboXW MURC WoZeUµV inVWUXmenWaWion, deplo\menW VWUaWegieV,
and daWa pUoceVVing can be obWained fUom (de BoeU eW al., 2020c)..
......
......
The daWa aUe aYailable foU Whe MURC WoZeU (de BoeU eW al., 2020c),

UNL Mobile MeVoneW (de BoeU eW al., 2020c), UadioVonde (Bell eW al.,
2021), and all oWheU paUWicipaWing WeamV on 14 ° 15 JXl\ 2018 in Whe
Zenodo commXniW\ foU LAPSE-RATE aW (LAPSE-RATE DaWa
RepoViWoU\,2021).³

È. L ÂÃÁ-ÂÃÂ: Please split up the weather descriptions here and for the other days into multiple complete

sentences.
AXWhoUV UeVponVe:
We VpliW Xp Whe ZeaWheU deVcUipWionV inWo mXlWiple compleWe VenWenceV
Wo impUoYe UeadabiliW\.

É. L ÂÆÁ: please describe the file conventions in detail here even though it is also included in the README

file to be consistent with the other published/accepted papers in this ESSD special issue.
AXWhoUV UeVponVe:
Thank \oX foU \oXU UecommendaWion. We added Whe file conYenWion in
moUe deWail heUe ZiWh added ciWaWion foU fXUWheU Ueading. The We[W
noZ UeadV:

ÂÆ



²FileV ZeUe foUmaWWed in NeWCDF foUmaW, ZiWh common YaUiableV nameV
and meWa-daWa added, Wo be conViVWenW ZiWh all Whe enWiWieV
collecWing daWa foU Whe LAPSE-RATE field campaign. A deWailed
e[planaWion of Whe naming conYenWionV and meWa-daWa WhaW ZeUe
UeTXeVWed can be obWained fUom (de BoeU eW al., 2020b). An e[ample
file name pUodXced b\ UAS plaWfoUmV M600P1,and M600P2 foU Whe daWa
collecWed VWaUWing aW 23:16:33 UTC on 14 JXl\ 2018 ZoXld be
UNL.MR6P1.a0.20180714.231633.nc,and UNL.MR6P2.a0.20180714.231633.nc
UeVpecWiYel\.  HeUe,

-`UNL' iV Whe idenWifieU foU Whe daWa collecWing inVWiWXWion, UNL
-`MR6P1', and `MR6P2' aUe Whe plaWfoUm idenWifieUV foU M600P1, and
M600P2 UeVpecWiYel\
-`a0' indicaWeV UaZ daWa conYeUWed Wo NeWCDF
-`20180714' iV UTC file daWe in \\\\mmdd(\eaU, monWh, da\) foUmaW
-`231633' iV UTC file VWaUW Wime in hhmmVV(hoXUV, minXWeV, VecondV)
foUmaW
-`nc' iV Whe NeWCDF file e[WenVion

All Whe fileV alVo conWain meWadaWa foU each YaUiable ZiWh an
e[planaWion of ph\Vical meaVXUemenW XniWV, Wime V\nchUoni]aWion
meWhod, VenVoUV XVed foU Whe meaVXUemenW. File naming conYenWionV and
e[planaWionV aUe alVo deVcUibed in Whe Uead-me file of Whe Zenodo
daWa UepoViWoU\.³

Ê. L ÂÈÂ-ÂÈÄ: this information more appropriately belongs in the caption for Figure Ä
AXWhoUV UeVponVe:
We haYe added Whe infoUmaWion in Whe capWion foU FigXUe 3 (noZ FigXUe
4).

ÂÁ. L ÂÊÆ, References section: please alphabetize your references
AXWhoUV UeVponVe:
Thank \oX foU poinWing iW oXW. We haYe alphabeWi]ed Whe UefeUenceV
accoUding Wo Whe ESSD gXidelineV.

ÂÂ. Figure Â: additional close-up photos of the shields and under-body should be included to give the reader

a better spatial understanding of the UAS sensor payload
AXWhoUV UeVponVe:
Thank \oX foU Whe VXggeVWion. We added WhUee addiWional cloVe-XpV
picWXUeV aV panelV. We haYe impUoYed Whe capWion ZiWh moUe
deVcUipWion aV Zell Wo beWWeU infoUm Whe UeadeU. The capWion noZ
UeadV:

²ImageV of (A) Whe UAS VeWXp ZiWh Whe WempeUaWXUe and hXmidiW\ VenVoU
moXnWed in Whe aVpiUaWed and Vhielded VenVoU hoXVing, and in a
WUadiWional configXUaWion (B) CloVe Xp of Whe WUadiWionall\ moXnWed
VenVoU XndeU Whe UAS ZiWhoXW Whe VenVoU hoXVing (inVide Whe
ZhiWeciUcle), (C) CloVe Xp of Whe VenVoU hoXVing ZiWh Whe VenVoU
moXnWed, and (D) CloVe Xp of Whe VenVoU pUobe moXnWed inVide oXU
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VenVoU hoXVing.The oXWleW of Whe VenVoU hoXVing iV placed on Wop of
Whe pUopelleU, and Whe inleW iV poinWing oXWZaUd. High-Vpeed aiU in
Whe VenVoU hoXVing iV dUaZn paVViYel\ b\ e[ploiWing Whe pUeVVXUe
deficiW cUeaWed b\ Whe pUopelleU of Whe UAS.³

ÂÃ. Figures Ä-Æ: It would be helpful to label your panels A, B, C, D, etc. and then further describe the nuances

in the captions.
AXWhoUV UeVponVe:
We added moUe deWail in Whe capWionV Wo deVcUibe Whe figXUeV Wo aid
UeadeUV ZiWh V\nWheViV of infoUmaWion fUom Whe figXUeV.
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Abstract.

This paper describes the data collected by the University of Nebraska-Lincoln (UNL) as part of the field deployment

::::::::::
deployments

:
during the Lower Atmospheric Process Studies at Elevation — a Remotely-piloted Aircraft Team Experiment

(LAPSE-RATE) flight campaign in July 2018. UNL deployed two multirotor unmanned aerial systems (UASs) at various

:::::::
multiple sites in the San Luis Valley (Colorado, USA) for data collection in support of

:
to
:::::::

support
:
three science missions:5

convection-initiation, boundary layer transition, and cold air drainage flow. We conducted 172 flights resulting in over 1300

minutes 21 hours of cumulative flight time. Our novel design for the sensor housing onboard the UAS was employed in these

flights to meet the aspiration and shielding requirements of the temperature /humidity sensors , and attempt
:::
and

::::::::
humidity

::::::
sensors

::::
and to separate them from the mixed turbulent airflow from the propellers. Data presented in this paper include

time-stamped
:::::::::::
timestamped temperature and humidity data collected from the sensors, along with the three-dimensional posi-10

tion and velocity of the UAS. Data are quality controlled and time-synchronized using a zero-order-hold interpolation without

additional post processing
:::::::::::::
post-processing. The full dataset is also made available for download at (https://doi.org/10.5281/

zenodo.4306086 (Islam et al., 2020)).

1 Introduction

:
A
:::::
team

::
of

:::::::::
researchers

:::::
from

:::
the

:::::::::
University

::
of

:::::::::::::::
Nebraska-Lincoln

:::::
(UNL)

::::::::::
participated

::
in
:::
the

::::::
Lower

:::::::::::
Atmospheric

::::::
Process

:::::::
Studies15

:
at
:::::::::

Elevation
:::
—-

:
a
:::::::::

Remotely
::::::
piloted

:::::::
Aircraft

:::::
Team

::::::::::
Experiment

::::::::::::::
(LAPSE-RATE)

:::::
flight

::::::::
campaign

:::::::
between

:::
14

::
–

::
19

::::
July

:::::
2018

:
at
::::

San
:::::
Luis

:::::
Valley

:::
of

:::::::::
Colorado,

:::::
USA.

::::::::::::
LAPSE-RATE

::::
was

:::::::::
organized

::
as

::::
part

:::
of

:::
the

:::::::::::
International

:::::::
Society

:::
for

:::::::::::
Atmospheric

:::::::
Research

:::::
using

::::::::
Remotely

:::::::
piloted

::::::
Aircraft

::::::::::
(ISARRA)

::::
2018

:::::::
meeting.

::
A
:::::
total

::
of

::::
1287

::::::
flights

::::
were

:::::::::
conducted

::
by

:::
13

::::::::::
institutions,

::::::::
including

:::::
UNL,

::::::
which

:::::::
resulted

::
in

:::::
more

:::::
than 260 hours

::
of

::::
data

:::::::::
collection.

:::::::
UNL’s

::::::::::
contribution

:::
to

:::
this

::::::::::::
collaborative

::::
data

::::::::
collection

:::::
effort

::::
was

:::
172

:::::::::::
Atmospheric

:::::::::
Boundary

:::::
Layer

::::::
(ABL)

::::::::
profiling

:::::
flights

:::::
using

::::
two

:::::::::
multirotor

::::
UAS

:::::::::
platforms.

::::::
These20

:::::
flights

::::
from

:::::
UNL

:::::::
resulted

::
in

::::
over 21 hours

::
of

:::
data

:::::
being

:::::::::
collected.

::::
This

:::::
unique

::::::::::::
collaboration

::::::
resulted

::
in
::
a
::::::::
collective

::::::::
sampling

::
of

:
a
::::::
variety

::
of

:::::::::::
atmospheric

:::::::::
phenomena

::::
over

:::
the

:::::
span

::
of

:::
six

::::
days

::
at

:::::::::
preplanned

::::
sites

::::::
around

:::
the

::::
San

::::
Luis

::::::
Valley.

:::
An

::::::::
overview

::
of

:::
the

::::::::::::
LAPSE-RATE

:::::::::
campaign,

:::
the

::::::::::
description

::
of

::::
site

::::::::
locations,

::::
and

::::::
science

::::::::
missions

::::
that

:::::::
focused

::
on

:::::::::
measuring

::::::::
different

::::::::::
atmospheric

:::::::::
phenomena

:::
of

::::::
interest

:::
are

::::::::::
documented

:::::::::::::::::::::
(de Boer et al., 2020a, b).

::::
Data

::::
from

:::::
UNL

:::
and

:::
all

::::
other

:::::::::::
participating

:::::
teams

::
in

:::
the

:::::::::::::
LAPSE-RATE

::::::::
campaign

:::
are

::::::
hosted

::
in

::
an

:::::
open

:::::
access

::::
data

:::::::::
repository

::::::::::::::::::::::::::::::::
(LAPSE-RATE Data Repository, 2021).

:
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Multirotor UASs are finding more routine uses for sampling and profiling the atmospheric boundary layer (ABL) (Elston et al., 2015; Bonin et al., 2013).

UASs enable such profiling
::::
ABL,

:::::
such

::
as

::::::::::
atmospheric

:::::::
profiling

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(Bonin et al., 2013; Elston et al., 2015; Greatwood et al., 2017; Jacob et al., 2018; Islam et al., 2019; Barbieri et al., 2019; Segales et al., 2020),

::::::::
estimation

::
of

:::
the

::::::
spatial

:::::::
structure

::
of

::::::::::
temperature

::::::::::::::::::::::
(Hemingway et al., 2020),

::::
wind

:::::::::::
measurement

::::::::::::::::::::::::::::::::::::
(Prudden et al., 2016; Palomaki et al., 2017),

:::
and

::::::::
prediction

:::
of

:::::::::
Lagrangian

::::::::
coherent

:::::::
structure

:::::::::::::::::
(Nolan et al., 2018).

:::
The

::::
need

:::
for

::::::::
increased

::::::
spatial

::::::::
resolution

:::
for

::::::::::
atmospheric

::::::::
sampling

::
is

:::::::
reflected

::
in

:::::::::::
publications,

::::
such

::
as

:::::::::
improving

:::::::::
Numerical30

:::::::
Weather

::::::::
Prediction

::::::
(NWP)

:::::::
models

:::::::::::::::::::::
(Leuenberger et al., 2020),

:::::::::::
improvement

::
of

:::::::::
mesoscale

::::::::::
atmospheric

:::::::
forecast

:::::::::::::::::::
(Dabberdt et al., 2005),

:::
and

:::::::::::
identification

:::
of

::::::::
hazardous

::::::::
weather

:::
for

:::::::
Beyond

:::::
Visual

:::::
Line

::
of

:::::::::::::
Sight(BVLOS)

::::::
flights

:::::
using

::::
UAS

:::::::
Traffic

:::::::::::
Management

::::::
(UTM)

::::::
systems

:::::::::::::::::::
(Mitchell et al., 2020).

:::::
UASs

:::
can

::::
meet

::::
such

::::::::
profiling

:::::
needs with a greater frequency , increased spatio-temporal

::
of

:::::::
profiles,

::::::::
increased

::::::::::::
spatiotemporal

:
resolution of data, and

::::::::
sampling in virtually any sampling location when compared with

traditional methods. Multirotors extend this
::
the

::::::::
sampling

:
capability by allowing rapid and repeatable fixed-site profiling .35

:::::::
profiling

::
at

:::
any

:::
site

:::::
while

::::::::::
maintaining

::
a
::::
fixed

:::::::::
horizontal

:::::::
position.

:

Our previous work (Islam et al., 2019) describes the design and evaluation of a temperature-humidity
:::::::::
temperature

::::
and

:::::::
humidity

:
(TH) sensor housing that meets the recommended sensor placement, aspiration, and shielding criteria by using a pas-

sively induced-airflow technique
:::
that

:::::
works

:::
by

::::::::
exploiting

:::
the

:::::::
existing

::::
UAS

:::::::::
propeller.

:::
The

::::::::
housing’s

::::
inlet

::
is
:::::::
pointed

::::::::
outwards

::::
from

:::
the

::::
UAS

::
to

::::::
sample

::::
just

::::::
outside

::
of

:::
the

::::
UAS

:::::::::
turbulence

::
in

::::
both

::::::
ascent

:::
and

:::::::
descent.

::::
This

::
is

:::::::
different

:::::
from

::::::
existing

::::::::
methods40

::
of

::::::
placing

:::
the

::::::
sensor

:::::
under

:::
the

::::
arm

:::::::
without

::::::::
shielding

:::
but

::::::::
aspirated

:::
by

:::
the

::::::::
propeller

:::::::::::::::::::::
(Hemingway et al., 2017),

:::
on

:::
the

:::::
body

::
of

:::
the

::::
UAS

:::::::
without

::::::::
shielding

::::
and

:::::::::
aspiration

:::::::::::::::
(Lee et al., 2018),

::
on

::
a
:::::::
different

::::
part

:::
of

:::
the

::::
UAS

:::::
with

::::::::
shielding

:::
and

::::::::
possible

::::::::
aspiration

:::::
from

::::::::
propellers

::::::::::::::::::::
(Greene et al., 2018) or

::::::::
shielding

:::
the

::::::
sensor

:::::
inside

:::::
UAS

::::
and

:::::
active

:::::::::
aspiration

:::::
using

:
a
::::

fan
:::::
while

:::::::
pointing

:::
the

::::
inlet

:::::::
towards

:::
the

:::::
wind

::::::::::::::::::
(Greene et al., 2019).

:::
All

:::
of

:::::
these

:::::::
existing

::::::::::::
configurations

:::
fail

:::
to

:::::::
produce

:::::::
reliable

::::
data

:::::
during

:::::::
descent,

::::
and

:::::
these

::::
data

:::
are

::::::
usually

:::::::::
discarded

:::::::::::::::
(Lee et al., 2018).

::
As

:::::::::
multirotor

:::::
flight

::::
time

::
is
:::::

very
::::::
limited,

:::::::
needing

:::
to45

::::::
discard

:::::
entire

:::::::
descent

:::
data

::::::::
prevents

:::::::
optimal

:::
use

::
of

:::::::::
resources.

:::::::::::
Additionally,

::
in

::::
most

::::::
cases,

::::::::::
observations

::::
are

:::::::
affected

::
by

:::::
wind

:::::::
direction

:::
and

::::::
require

:::::::
onboard

:::::::
sensing

::
of

::::
wind

::::
and

::::::::::
reorientation

::
of

:::::
UAS

:::
with

:::
the

::::::
change

::
of

:::::
wind

:::::::
direction

:::::::::::::::::
(Greene et al., 2019).

The sensor housingdesign has evolved over multiple design iterations and has been field tested in multiple CLOUD-MAP field

campaigns (Jacob et al., 2018; ?).

Two primary highlights of the
::
our

:
novel sensor housing are the ability to reliably obtain sensor reading

:
its

::::::
ability

::
to

::::::
obtain50

::::::::::
temperature

:::
and

::::::::
humidity

::::::
sensor

:::::::
readings

:::::::
reliably

:
during both ascent and descent profiles, and its invariance to the aircraft

orientation relative to
:::
the ambient wind. Two key design considerations to achieve

:
in

:::::::::
achieving these goals are:

::
the

:
place-

ment of the sensorand
:
,
:::
and

:::
its

:
consistent aspiration. Placement of the sensor on

:::
the

:
UAS body can adversely affect the

measurements (Greene et al., 2018; Jacob et al., 2018). According to experimental resultspresented by
::
As

::::::::
observed

:::::::
through

::::
prior

:::::::::::
experimental

::::::
results (Villa et al., 2016), the validity of the measurement increases farther away

:::::::
accuracy

::
of

::
a

:::::::
sensor’s55

:::::::::::
measurement

:::::::
increases

:::
the

::::::
farther

::::
away

::
it
::
is

:::::
placed

:
from the propeller

:
’s
:::::::::
downwash. More specificallyfrom (Prudden et al., 2016),

sensors placed at least 2.5⇥
:
,
:
a
::::::
sensor

:::::
placed

::
at
::
a
:::::::
distance

::
at

::::
least

:::
2.5

:::::
times

:
the propeller diameter away from the rotor expe-

riences significantly less propeller interference
:::::::::::
aerodynamic

::::::::::
interference

::::::::::::::::::
(Prudden et al., 2016). Consistent and sufficient aspi-

ration is also necessary for
:
a
:
consistent effective sensor response time (Houston and Keeler, 2018). Placing the sensor inside the

propeller region or near the body can result in inconsistent aspiration due to rotor turbulence (?Yoon et al., 2017)
:::::::::::::::::::::::::::::::::
(Diaz and Yoon, 2018; Yoon et al., 2017).60
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Figure 1.
:::::
Images

::
of
:::
(A)

:::
the

::::
UAS

::::
setup

::::
with

::
the

:::::::::
temperature

::::
and

::::::
humidity

:::::
sensor

:::::::
mounted

::
in

:::
the

:::::::
aspirated

:::
and

::::::
shielded

:::::
sensor

:::::::
housing,

:::
and

:
in
::

a
::::::::
traditional

::::::::::
configuration

:::
(B)

::::
Close

:::
up

::
of

::
the

::::::::::
traditionally

::::::
mounted

::::::
sensor

::::
under

:::
the

::::
UAS

::::::
without

:::
the

:::::
sensor

::::::
housing

:::::
(inside

:::
the

:::::
white

:::::
circle),

:::
(C)

::::
Close

:::
up

:
of
:::
the

:::::
sensor

::::::
housing

::::
with

::
the

:::::
sensor

:::::::
mounted,

:::
and

:::
(D)

:::::
Close

::
up

::
of

:::
the

:::::
sensor

::::
probe

:::::::
mounted

::::
inside

:::
our

:::::
sensor

:::::::
housing.

:::
The

::::
outlet

::
of
:::
the

:::::
sensor

::::::
housing

::
is
:::::
placed

:::
on

::
top

::
of
:::
the

:::::::
propeller,

::::
and

::
the

::::
inlet

::
is

::::::
pointing

:::::::
outward.

:::::::::
High-speed

::
air

::
in

:::
the

:::::
sensor

::::::
housing

::
is

::::
drawn

::::::::
passively

::
by

::::::::
exploiting

::
the

:::::::
pressure

:::::
deficit

:::::
created

::
by

:::
the

:::::::
propeller

::
of

:::
the

::::
UAS.

As such, we designed our sensor housing to source the sampling air from outside rotor interference , and to maintain consis-

tently high aspiration air speed
:::::::
airspeed to obtain reliable results. Detailed

:::
Our

::::::
sensor

:::::::
housing

::::::
design

:::
has

:::::::
evolved

::::
over

:::::::
multiple

::::::
design

::::::::
iterations

:::
and

::::
has

::::
been

::::::::::
field-tested

::
in

:::::::
multiple

::::::::::::
Collaboration

:::::::
Leading

:::::::::
Operational

:::::
UAS

:::::::::::
Development

::
for

:::::::::::
Meteorology

:::
and

:::::::::::
Atmospheric

:::::::
Physics

:::::::::::::
(CLOUD-MAP)

::::
field

:::::::::
campaigns

::::::::::::::::
(Jacob et al., 2018).

:::
The

::::::
details

::
of

:::
our

::::
data

:::::::::
validations

::::
tests,

::
as

::::
well

::
as

:
a
::::::::
complete description of the sensor housing designalong with the verification65

of data ,
:
are available in the a

::::::::
separate open access paper (Islam et al., 2019).

For the LAPSE-RATE campaign, UNL deployed two identical UASs with one primary sensor suite for measurements,

and a secondary sensor suite for redundancy and testing.
:::::
These

::::::
flights

::::
were

:::::::::
conducted

::
at
::::
five

::::::::
locations

::
in

::::
San

::::
Luis

::::::
Valley

:::::::::
(Colorado,

:::::
USA)

:::::::
through

::::::
14–19

::::
July

:::::
2018.

::::
The

::::::::
maximum

:::::::
altitude

:::
for

::::
each

:::::
flight

::::::
ranged

:::::
from

:
100� 500m

::::
above

:::::::
ground

::::
level.

:
Figure 1 shows a picture of

::::::::
illustrates

:
the UAS with the housing setup. Both

:
,
:::::::
closeup

::
of

:::
the

:::::
sensor

::::::::
housing,

:::
and

::::::
sensor70
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::::::::
mounting

::::::::::::
configurations.

:::::
Both

::::::
primary

::::
and

:::::::::
secondary sensors are located inside their respective sensor housings mounted on

two diametrically opposing arms of the UAS. In some flights
:
, a third sensor was mounted under the body-center

::::
body

::::::
frame of

the UAS to compare the performance of primary sensors against traditional mounting positions. A detailed description of our

configuration is presented in Section 2.5.
:
It
::::::
should

::
be

:::::
noted

::::
that,

::::::::
although

::
the

::::
data

:::::::::
collection

:
is
:::::::
focused

::
on

:::
the

::::::::::
temperature

::::
and

:::::::
humidity

:::::::::::::
measurements,

::::::::::
atmospheric

:::::::
pressure

::::
data

::::
from

:::
the

:::::::
sensors

:::
are

:::
also

::::::::
included

::
in

:::
the

::::::
dataset

:::
for

::::::
anyone

:::::::::
interested.75

UNL deployed the UASs in five locations in San Luis Valley (Colorado, USA), through 15-19 July 2018. The maximum

flight altitude for each flight ranged from 100 - 500 above ground level. We conducted 172 flights over a span of 4 days. The

rest of the paper describes the systems, flight strategies, data processing and quality controls and sample of the data
::::::::::
components

::
of

:::
our

::::::
system

:::::::
(Section

:::
2),

:::
the

:::::
flight

::::::::
strategies

:::::::::
employed

:::
for

:::::::
missions

::::::::
(Section

:::
3),

:::
the

::::
data

:::::::::
processing

::::
used

:::::::
(Section

:::
4),

::::
and

::::
some

::::::
special

::::::
topics

::
of

::::::
interest

:::::::
(Section

:::
5).

:::
We

::::::
finally

:::::::
conclude

::::
with

:::
an

:::::::
example

::::::
profile

::::
data,

:::
and

:::::::
provide

::::::
details

::::::::
regarding

:::
the80

:::::::::
availability

::
of

:::
the

::::::
dataset.

UAS setup with temperature-humidity sensor mounted in aspirated and shielded sensor housing.

2 System Description

2.1 UAS platform

The two identical UASs deployed during the missions were developed on a
:::
DJI

::::::
Matrice

:::::::
600Pro platform equipped with

:::
DJI85

::
A3

::::
Pro flight control systems. Unfolded

:::
The

::::::::
unfolded dimensions (including propellers, frame arms, GPS mounts, and landing

gear) of the system are 1668mm ⇥ 1518mm ⇥ 727mm1668mm ⇥ 1518mm ⇥ 727mm. The recommended maximum

payload capacity of the platform is kg5.5 kg. At no load, the UAS has a flight endurance of 35–40 min 35� 40min on

a single set of six DJI TB48S batteries. The manufacturer-specified positioning accuracy is ±± 0.5m in the vertical axis,

and ±mhorizontal (?)± 1.5m
::::::::
horizontal

:::::::::::
(DJI, 2021b). The maximum ascent and descent speeds are m/sand m/s5m s

�1
:::
and90

3m s
�1, respectively. The flight controller offers real-time access

:::::::::
(read-only) to UAS’s on-board

::::::
onboard

:
sensor data, such as

position, velocity, and attitude, through a serial interface. Additionally, a mobile application allows a user to plan and deploy a

flight trajectory, and the remote controller allows intervention from the user at any point.

2.2 Sensors:

Specifications of the temperature-humidity
::::
Table

::
1
::::::::
describes

:::
the

:::::::::::
specifications

::
of
:::

the
:::::::::::

temperature
:::
and

::::::::
humidity (TH) sensors95

recorded in the datasetare described in Table 1
::::
used

:::
for

:::
the

::::::
dataset. Every UAS flight used one

::::
iMet

::::
XQ2 from InterMet

Systems (Grand Rapids, MI, USA) as the primary TH sensor. The
::::
XQ2 is a self-contained sensor package designed for UASs

to measure atmospheric pressure, temperature, and relative humidity. It is also equipped with a
:

built-in GPS , and an internal

data logger along with a rechargeable battery. A serial interface provides access to the logs, or real-time observations produced

by the sensor at 1Hz1Hz. The internal data-logger was only used as backup and is not part of this dataset. Data included in the100
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Table 1. The key manufacturer’s specifications for the sensors used in different experiments: The unavailable fields are left blank. Data

sheet
:::::::
Datasheet

:
for each sensor packages are available at iMet XQ2 (InterMet Systems, 2021b), iMet XQ1 (InterMet Systems, 2021a), and

nimbus-pth (?)
::::::::::::::::::::::
(Digikey, 2021; Mouser, 2021)

XQ2 XQ1 nimbus-pth

(iMet XQ2) (iMet XQ1) (Custom Built)

Te
m

pe
ra

tu
re

Type Bead Thermistor Bead Thermistor Bead Thermistor

Range �90 to 50
�
C �95 to 50

�
C �40 to 100

�
C

Response Time 1 s @ 5m s
�1

2 s

Resolution 0.01 �
C 0.01 �

C 0.01 �
C

Accuracy ± 0.3 �
C ± 0.3 �

C

H
um

id
ity

Type Capacitive Capacitive Capacitive

Range 0� 100%RH 0� 100%RH 0� 100%RH

Response Time

@ 25 �
C, 0.6 s 5 s @ 1m s

�1 velocity 8 s

@ 5 �
C, 5.2 s

@ �10
�
C, 10.9 s

Resolution 0.1%RH 0.7%RH 0.01%RH

Accuracy ± 5%RH ± 5%RH ± 2%RH

dataset are
::::
were collected through the DAQ

:::
data

::::::::::
acquisition

::::::
(DAQ)

::::::
system using the serial interface. Some UAS flights feature

:::::::
featured an older version of this sensor, called

::::
iMet

::::
XQ1, as the secondary backup sensor.

Some flights also use a
::::
used

::
a

:::::::::
nimbus-pth

:
as the secondary sensor, which is a pressure, temperature and humidity sensor

:::::
sensor

:::::::
package

::::
unit we designed and built . Several can be stacked as nodes , and in

::
for

::::::::
pressure,

::::::::::
temperature,

::::
and

::::::::
humidity

::::::
sensors.

:::::::
Several

::::::::::
nimbus-pth

:::
can

:::
be

::::::
chained

:::
as

:::::
nodes

:::
for

::::
data

:::::::::
collection.

::
In

:
some data filestwo of them

:
,
:::
two

:::
of

::::
these

::::::
nodes105

might be present. In such cases, one of them is
:::
was

:
aspirated inside our sensor housing, and other one sits

:::
the

::::
other

::::
one

:::
sat

directly underneath the UAS in a traditional non-aspirated configuration. In the data files,
::
the

:
first two sensors are

::::
were shielded

and aspirated inside the housing, and the third sensor (when available) is in
:::
was

::
in

:
a
:
traditional non-aspirated configuration.

2.3 Sensor Housing

The sensor housing is designed to meet or exceed sensor placement requirements, such as constant
::::::::
consistent

:
aspiration for110

the sensors, shielding from the solar radiation and other indirect heat sources. The housing draws air passively by exploiting

the pressure differential between the region just above a propeller and the region just beyond the rotor wash. The airflow

through the housing is always maintained as long as the propellers are spinning, and provides a consistent aspiration for the

sensors
::::::::::::::::
(Islam et al., 2019). The inlet and outlet of the housing are shaped as

:::
like a cone to provide high speed

:::::::::
high-speed

airflow across the housing tube with
:
a
:
small pressure difference between the two ends. Additional design considerations are115
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made to ensure that the flow is consistent, and provides airflow � 5m s
�1 across the sensors even at the lowest propeller

speeds.

The housing is
::::::
Sensors

:::
are

::::::
placed

:::::
inside

:::
the

::::
tube

::::::::
structure

::
as

::::::
shown

::
in

:::
the

:::::
panel

::
C
::::
and

::
D

::
of

::::::
Figure

::
1.

::::
The

:::::
entire

::::::
sensor

::::::
housing

::
is

::::::
painted

::::
with

::::::::
reflective

:::::
white

:::::
paint,

:::
and

:::::
tubes

:::
are

:::::::
wrapped

::::
with

:::::::::
aluminum

:::
foil

::::
tape.

::::
This

::::::
results

::
in

:::::::
excellent

::::::::
rejection

::
of

::::
solar

:::::::
heating

::::
and

::::::
avoids

:::::::::::
unpredictable

::::::::
radiation

:::::::
heating

:::::
bias.

::::
Such

:::::::::
placement

:::
of

:::::::
sensors

:::::::
provides

:::::
solar

::::::::
shielding

::::
and120

:::::::
shielding

:::::
from

::::
other

::::::::
artificial

::::
heat

::::::
sources

::::
such

:::
as

:::::
motor

::
or

::::::
battery

:::::
waste

:::::
heat.

:::::
Since

:::
the

:::::
entire

:::::::
housing

::
is

:::::
placed

:::::::
outside

:::
the

::::
body

::
of

:::::
UAS,

::
it

::::::
creates

::::::
further

:::::::
isolation

::::
from

:::
the

:::::::
artificial

::::
heat

:::::::
sources

::
in

:::
the

:::::
UAS.

:::::::::::
Additionally,

::::
since

:::
the

:::::::::
aspirating

:::::::
airspeed

:
is
::::
very

::::
high

:::::::::::::::::
(Islam et al., 2019),

:
it
:::::::
reduces

:::
the

::::
error

:::::
from

::
all

:::::
these

::::::
sources

::::
even

::::::
further

::::::::::::::::::::::::::::::
(Anderson and Baumgartner, 1998).

:::
The

:::::::
housing

::
is also designed to be modular, printed entirely using a 3D printer, and has an easy screw-in assembly. Impact

:::
The

::::::
impact

:
of the housing on the UAS’s stability and flight time is minimal. Further details and the full schematic of the125

housing and the evaluation can be found in our previous work (Islam et al., 2019).

2.4 Data acquisition:

Data are
::::
were

:
collected using a data acquisition (DAQ) system made of

::::::::
comprised

:::
of

::
an

::::::
Odroid

:::::
XU4

::::::::::::::::
(Hardkernel, 2021),

:
a

compact single-board computer , Odroid XU4 (?) running a linux
:::
that

::::
runs

:
a
::::::
Linux operating system. Odroid runs the robot

operating system (ROS) (ROS, 2021)
::::::::::::::::::
(Quigley et al., 2009) that communicates with the serial devices through the USB port of130

the Odroid
::
its

::::
USB

:::::
ports. ROS facilitates collecting many different sensor data independently at their own output frequency;

:
,

recording the timestamp for when data were generated and when they are received by ROS. ROS interfaces the collection of

all available devices even in the case of a single device fail
:::::
failure. Synchronization of the data can either be done at runtime or

in the post-processing. In our case, it is done in the
:::
was

:::::
done

::
in post-processing using MATLAB.

:::
The

:::::::::::::
communication

::::
with

:::
the

:::
DJI

:::::
flight

::::::::
controller

:::
was

:::::::::::
implemented

:::::
using

:::
the

::::
ROS

:::::::
interface

::
of

:::
DJI

::::::::
Onboard

::::
SDK

::::::::::::::::::
(DJI, 2021c) available135

::
to

:::::::::
developers.

::::
This

:::::::
allowed

:::
the

::::::::
recording

::
of

::
all

:::
the

::::::::
telemetry

::::
data

::::
from

:::
the

:::::
flight

::::::::
controller,

:::::
along

::::
with

::::::::::
high-quality

::::::::::
positioning

::::::::::
information.

::::
The

::::
GPS

:::
data

:::::
from

:::
the

::::
iMet

:::::
XQ2/

::::
iMet

::::
XQ1

::::::
sensor

::::
were

::::::::
discarded

:::
as

::
the

::::::::::
positioning

::::::::::
information

::::
from

:::
the

:::::
flight

::::::::
controller

:::
was

::::::
found

::
to

::
be

::
of

:::::
better

:::::::
quality.

:::
The

:
Odroid was connected with a ground computer using wireless 2.4 GHz 2.4GHz XBee radios for

::
the

:
operation of DAQ,

debugging
:
, and periodic checks on the data

:::::
when

:::
the

::::
UAS

:::::::
finished

::
a

::::
flight. The data collected by the DAQ were retrieved

::
to140

::
the

:::::::
ground

::::::::
computer

::
for

::::::::
archiving

::
at
:::
the

::::
end

::
of

::::
each

:::
day

:
using an ethernet connection.

Temperature-humidity sensors connect
::::::::::
Temperature

::::
and

::::::::
humidity

:::::::
sensors

::::
were

:::::::::
connected

:
over serial with ROS to send

periodic updates of the observations.
:::
The

:
UAS’s autopilot also interface

::::::::
interfaced with ROS to provide updates of position,

velocity, altitude, attitude
:
, etc. which are

::::
were also recorded to spatially and temporally synchronize the observation.

2.5 UAS Sensor Mounting Configuration and Payload:145

As mentioned in the subsection
:::::::::
Subsection 2.2, the primary sensor is the

:::
was

:::
the

:::::
iMet

::::
XQ2, and its data are

::::
were recorded on

the dataset with a header underscore _1 (e.g., Temperature_1, Humidity_1, Pressure_1). Other sensor data headers are
::::
were

followed with _2 and _3 when available. Sensor_
:
1
:::
and

:::::::
Sensor_2 is

::::
were

:
shielded inside the sensor housing, however;

::::::::
however,
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sensor_3 is
::::
was placed under the UAS in a traditional configuration without aspiration. Specific

:::
The

:
placement of the sensors

:::::
inside

:::
the

:::::::
housing

:::
and

::::::
sensors

:::::::
without

:::
the

:::::::
housing

:::
are

::::::
marked

::
in

::::::
Figure

:
1
:::
for

::::::::
reference.

:::::::
Specific

::::::::::
placements

::
of

:::
the

::::::
sensors

:
on150

the UAS used in the data collection are described below.

UAS platform M600P1

2.5.1
::::
UAS

::::::::
platform

:::::::
M600P1

One XQ2 (sensor_1) is
::::
was placed inside the left sensor housing, and one XQ1 (sensor_2) is on a

:::
was

::
on

:::
an identical right

sensor housing.
:::
This

:::::::::
placement

:::::::
location

:::
for

:::
the

:::
left

:::::::
housing

::
is

:::::::::
highlighted

::
in

:::
the

::::::
‘panel

::::
(A)’

::
of

::::::
Figure

::
1. The alternative setup155

used in some experiments replaces
:::::::
replaced XQ1 with nimbus-pth (sensor_2) inside the right sensor housing (sensor names

are also listed in metadata as data source). An additional
:
If
:
nimbus-pth (sensor_3) is also

:
is
::::::::
included

::
in

::::::::::::
measurements,

::
it
::::
was

placed under the body of the UAS without housing whenever nimbus-pth is included in measurements
:::
any

:::::::
housing

::::::::
structure,

::
as

:::::::::
highlighted

::
in

:::
the

::::::
‘panel

::::
(A)’

:::
and

::::::
‘panel

:::
(B)’

:::
of

:::::
Figure

::
1.

UAS platform M600P2160

2.5.2
::::
UAS

::::::::
platform

:::::::
M600P2

One XQ2 (sensor_1) is
:::
was mounted inside the left sensor housing, one nimbus-pth (sensor_2) is

:::
was mounted inside the right

sensor sensor housing, and an additional nimbus-pth (sensor_3) is
:::
was placed under the body of the UAS without a housing.

This form of sensor placement facilitates an evaluation between the sensor placed inside the housing versus under the body of

the UAS without housing. It also allows comparison of the sensor
:::::
sensors

:
mounted on the opposite ends of the UAS. Having165

secondary sensors also provides a fail-safe when the primary sensors fail-
:
, such as the case on XQ2 humidity sensors on 17

July , 2018 data.

The UAS’s
:::
total

:
payload during the experiments were ⇠kg. Sensor housing with

:::
was

:::::::::::::
approximately 1.8 kg

:
.
::::
Two

::::::
sensor

:::::::
housings

::::
with

::::
their

:
support structure and sensor is 2⇥⇠gm, onboard computer is 140gm,

::::
were

::::::::::::
approximately

:
720 g

::::
each;

:::
the

:::::::
onboard

::::::::
computer

::::
was 140 g;

::::
and misc cables, screwsetc. are approx. 200gm. ,

::::
etc.,

:::::
were

::::::::::::
approximately 200 g.

:
UAS flight170

endurance was 20–25 min 20��25min with the payload.

3 Flight locations , and strategies

3.1 Flight locations

::::::
During

:::
the

::::::::::::
LAPSE-RATE

::::
field

::::::::
campaign,

:::::::::::
measurement

:::::::::
objectives

:::
for

::::
each

:::
day

::::
were

::::::::::
determined

:::::
based

::
on

:::
the

::::::
weather

::::::::
forecast,

:::
site

::::::::::
availability,

:::
and

::::::::
available

::::
team

:::::::::
resources.

:::::
Many

:::::::::
designated

::::::::
locations

::
of

:::
San

::::
Luis

::::::
Valley

::
of

::::::::
Colorado,

:::::
USA,

:::::
were

:::::::
planned175

:::::::::
beforehand

::
as

::::::::::
atmospheric

::::::::
sampling

::::
sites

:::::::::
depending

::
on

::::::::::
atmospheric

::::::::::
phenomena

::
of

:::::::
interest.

:::
The

:::::::
planning

::
of

:::::::::
locations,

::::::::::
atmospheric

::::::::::
phenomenon

::
to

:::
be

:::::::
observed

:::
for

:::
the

::::
day,

:::
and

:::::::::
assignment

:::
of

:::::
teams

:::
are

::::::::
described

::
in

:::::::::::::::::::
(de Boer et al., 2020a). We conducted flights

7



Table 2. Latitude, longitude, and mean sea level (MSL) altitude of operation locations in World Geodetic System 84 (WGS 84) decimal

degrees.

Location Latitude Longitude Altitude (MSL)

Golf 37.626963 -105.820028 2298 m2298m

Gamma 37.893536 -105.716137 2329 m2329m

Leach Airfield 37.784560 -106.044552 2316 m2316m

India 38.051294 -106.102885 2332 m2332m

Charlie 38.052690 -106.087414 2329 m 2329m

in locations designated as Golf, Gamma, Leach, India, Charlie in
:::
and

::::::
Charlie

::::::::
between

::
14

::
–
:::
19

::::
July

::
as

::::
part

::
of

:::
the

:
LAPSE-

RATE flight campaign
:::::::::::::::::::::
(de Boer et al., 2020b) as

::::
well

::
as

::::::::
individual

:::::::
research

:::::::::
objectives. GPS coordinates of the

::::
these

:
locations

are provided in Table 2 and illustrated in a terrain map in Figure 2.
:::
The

:::::
‘inset

::::
(B)’

:::
of

::::::
Figure

:
2
::::::
shows

:::
the

:::::
flight

:::::::
locations

:::
of180

::::
UNL

:::::
UASs

:::
in

:::
the

::::::
context

::
of
:::

all
:::
the

:::::::::::::
LAPSE-RATE

::::
flight

:::::::::
campaign

::::::::
locations

::
of

:::::::
interest

:::::
where

:::
all

:::
the

:::::
teams

:::::
were

::::::::
operating

:::::
based

::
on

:::
the

:::::::::::
measurement

::::::::
objective

::
of

:::
the

::::
day.

3.2 Flight strategies

:::::
Flight

::::::::
strategies

:::
for

:::::
each

::::
day

::::
were

::::::::
dictated

::
by

:::::::::::
atmospheric

::::::::::
phenomena

:::::
being

::::::::::
measured.

:::
The

::::::
teams

:::::::::::
participating

::
in
::::

the

::::::::::::
LAPSE-RATE

::::::::
campaign

::::::::::
coordinated

:::::
flights

::::::
across

:::
the

:::
San

::::
Luis

::::::
Valley

::::::::
according

::
to

:::
the

::::::::::
atmospheric

::::::::::
phenomena

::
of

::::::
interest

:::
for185

::
the

::::
day

:::
and

:::
the

:::::::::::
atmospheric

::::::::
variability

::::::::
expected

::
at

:::::::
different

::::::::
sampling

::::::::
locations.

::::::::::::
Measurement

::::::::
objectives

::
of

:::::::::::::
LAPSE-RATE

::
in

:::::
which

:::::
UNL

::::::::::
participated

::
in

::::
data

::::::::
collection

:::
are

:::::::::
calibration

:::::
flight

::::::
(CLF),

::::::::
boundary

:::::
layer

::::::::
transition

::::::
(BLT),

:::::::::
convection

::::::::
initiation

::::
(CI),

::::
cold

::
air

::::::::
drainage

::::
flow

::::::
(CDF).

:
Table 3 shows the distribution

:::::::
locations of UASs deployed by UNL by dateand timeand

:
,

::::
time,

:::
and

:::
the

::::::::::::
corresponding

:
mission objectives.

On July
:::
All

:::
the

:::::
flights

:::::
were

::::::::
conducted

::::::
under

:::
the

::::::::
command

::
of

::::
one

::::::
remote

::::
pilot

::
in
:::::::::
command

:::::
(PIC)

::::
with

:::::::
‘Federal

::::::::
Aviation190

::::::::::::
Administration

::::::
(FAA)

::::
part

::::
107’

::::::
license

::
in

:::::::::
accordance

:::::
with

:::::
FAA’s

::::
rule.

:::
All

:::
the

::::::
flights

:::::::
included

::
in
:::
the

:::::::
dataset

::::
were

:::::::::
conducted

::::
using

::::::::::::::
preprogrammed

:::::::
missions

::
in

::::
DJI

::::::
Ground

::::::
Station

:::::
(GS)

:::
Pro

:::
app

::::::::::::::
(DJI, 2021a) by

:::
the

::::::
remote

::::
pilot

::
in

::::::::
command

::::::
(PIC),

::::
with

::::
very

:::
few

:::::::::
exceptions

::
of
:::::::

manual
::::::
flights.

:::::::::::
Occasionally

:::
the

::::::
remote

::::
PIC

::::
took

::::::
control

:::::
over

::::::::
segments

::
of

:::::
flight

::::
from

:::
the

:::::::::
automatic

::::::
mission

:::::::
control

::
of

:::
the

::::
app

:::::
when

::::::
deemed

:::::
safer

:::
by

:::
the

::::
PIC,

::::
e.g.,

:::::::
passing

:::::::
through

:
a
::::::::
turbulent

:::::
layer

::
of

::::::::::
atmosphere.

:::::::::
Although

:::::
visual

::::::::
observers

:::::
(VO)

::::
were

:::
not

:::::::
required

:::
by

::::
FAA,

::::
two

:::
VO

::::
were

:::::::
present

::
at

::::
each

::::
flight

:::::::
location

:::
for

::::::
greater

:::::::::
situational

:::::::::
awareness195

:::
and

:::::
safety

::::::
during

:::::
each

:::::
flight.

:::::
VOs

::::
were

::::::::::
monitoring

:::
the

::::::
UAS’s

::::::::::
movement,

::::
took

::::::::::
handwritten

:::::
notes

:::::
about

:::::
flight

::::::
events

::::
and

:::::::
weather,

:::
and

:::::::
scanned

:::
the

::::::::::
surrounding

::::
area

:::
for

:::::::
manned

:::
and

:::::::::
unmanned

::::::
flights.

:::
All

::
the

::::::
flights

::::
were

::::::
legally

:::::::::
conducted

:::::
under

::::
FAA

:::::::::
Certificate

::
of

::::::::::::
Authorization

::::::
(COA)

:::
for

:::::::
altitudes

::
up

::
to
:
914.4m

::::
AGL

:::::
when

::::::
notices

::
to

::::::
airmen

:::::::::
(NOTAMs)

:::::
were

:::::
active

::
in

:::
the

::::
blue

::::
area

::::::
marked

::
in

:::
the

:::::
‘inset

::::
(A)’

::
of

::::::
Figure

:
2.
::::
For

::
all

:::
our

::::::
flights,

::::::::
however,

:::
we

::::
were

::::::
limited

::
to

:::::
flying

:::
up

::
to

:
a 500m

::::::::
maximum

::::::
altitude

::::
due

::
to

:::
the

::::::
altitude

::::::::
limitation

:::
set

::
in

:::
the

::::::::
firmware

::
of

:::
the

:::::
UAS.

::
In

:::
the

::::
days200

::::
when

:::::::::
NOTAMs

::::
were

:::
not

:::::
active

:::
for

:::::
COA,

:::
all

:::
the

:::::
flights

:::::
were

::::::::
conducted

:::
up

::
to

:::
the

::::
legal

:::::
flight

::::
limit

::
of

:
121m

::::
AGL

::
as

:::::::
defined

::
in

::
the

:::::
‘part

::::
107’

::::::::::
regulations.
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Figure 2. Flight locations
::
of

::::
UNL

:::::
UASs overlaid on the terrain map.

:::
Inset

:::
(A)

:::::
shows

:::
the

:::
blue

::::::
overlay

:::
area

:::::
where

::::::::
operation

::
of

::::
small

:::::
UASs

::
for

::::
flight

:::::::
altitudes

::
up

::
to 914.4m

::::
AGL

:::
was

::::::::
authorized

::
by

:::
the

:::::
Federal

:::::::
Aviation

::::::::
Authority

:::::
(FAA)

::::::::
Certificate

:
of
:::::::::::

Authorization
:::::
(COA)

:::::::
between

::
13

:
–
::
22

::::
July.

::::
Inset

:::
(B)

:::::
shows

:::
the

:::::
spatial

:::::::::
distribution

::
of

::::
flight

:::::::
locations

::::
used

::
by

::::
UNL

:::
and

:::
all

::::
other

::::
teams

::::::::::
participating

::
in

:::
the

:::::::::::
LAPSE-RATE

:::::::
campaign

:::
for

:::::
various

:::::::
missions

::::::
between

:::
14

:
–
::
19

::::
July

::::
2018.

:
Map data © Google 2020

9



Table 3. UAS locations and mission objectives
::
for

::
the

:::
day.

::::::
Mission

::::::::
objectives

:::
are: Calibration flight (CLF), Boundary layer transition (BLT),

Convection initiation (CI), Cold air drainage flow (CDF)

Location

Date and Time Objective No. of

Flight

:::::
Flights

Max.

::::::::
Maximum

Altitude

Golf Gamma Leach India Charlie

July 14 ,
:::
July

:
2018

(17:17-17:33 MDT)

CLF 2 120m M600P2, M600P1
:
&
:::::::
M600P2

July 15 ,
:::
July

:
2018

(9:00-15:15 MDT)

CI 19 500m M600P2 M600P1
::::::
M600P2

:

July 16 ,
:::
July

:
2018

(8:00-14:30 MDT)

CI 47 120m M600P2 M600P1
:::::::
M600P2

July 17 ,
:::
July

:
2019

(7:00-9:00 MDT)

BLT 18 100m M600P2, M600P1
:
&
:::::::
M600P2

July 18 ,
:::
July

:
2019

(7:00-14:30 MDT)

CI 43 120m M600P2 M600P1
:::::::
M600P2

July 19 ,
:::
July

:
2019

(5:30-11:00 MDT)

CDF 43 500m M600P2 M600P1
::::::
M600P2

3.2.1
::
14

::::
July

:::::
2018

::
On

:
14 ,

:::
July

:
2018, the mission objective was to compare both of the systems against a reference point, the MURC tower (?)

::::::
Mobile

::::
UAS

::::::::
Research

:::::::::::
Collaboratory

::::::::
(MURC)

:::::
tower

:::::::::::::::::::
(de Boer et al., 2020c), to calibrate and validate the sensor observations.

::::::
MURC205

:::::
tower

:::::::::::::
instrumentations

:::::
were

:::
set

::
to 15.2m

:::::
AGL.

:::::::::
University

::
of

:::::::::::::::
Nebraska-Lincoln

::::::
(UNL)

::::::
Mobile

::::::::
Mesonet

:::
was

::::
also

:::::::::
collecting

:::
data

:::::
about

:
2m

::::
AGL

:::
for

:::::::::::
surface-level

:::::::::::
observations.

:::::::::::
Additionally,

:::::::
periodic

::::::::::
radiosonde

:::::::
launches

:::::
were

:::::::::
conducted

::
by

::::::::
National

:::::
Severe

::::::
Storms

::::::::::
Laboratory

:::::::
(NSSL).

::::::
Figure

:
3
::::::
shows

::
an

::::::::
overview

::
of

:::
the

:::::
spatial

::::::::::
distribution

::
of

:::
the

::::::
MURC

::::::
tower,

::::
UAS

:::::::::
platforms,

:::
and

:::::
UNL

::::::
Mobile

::::::::
Mesonet.

::::::
Details

:::::
about

:::::::
MURC

::::::
tower’s

::::::::::::::
instrumentation,

::::::::::
deployment

::::::::
strategies,

::::
and

::::
data

:::::::::
processing

:::
can

:::
be

:::::::
obtained

::::
from

:::::::::::::::::::
(de Boer et al., 2020c).

:
210

One flight for each system was conducted where the UAS ascended to the height of
:::
the MURC tower (15.2m) and hov-

ered for 10 minutes. After that, the UAS ascended to at 120m
::
at 1m s

�1, hovered for 30 seconds30 s, and descended at the

same speed to land. This mission was performed in collaboration with all participating teams at the LAPSE-RATE campaign
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Figure 3.
:::::::::
Coordinated

::::
data

:::::::
collection

::
of

:::
the

::::
UNL

::::
UAS

:::::::
platforms

:::
and

::::
UNL

::::::
Mobile

:::::::
Mesonets

::::
next

:
to
:::
the

::::::
MURC

:::::
tower.

:::
UAS

::::::::
platforms

::::
were

::::::
hovering

::
at

:
15.2m

::::
AGL

:::
(the

::::
same

::::::
altitude

::
as

::::::
MURC

::::
tower

:::::::::::::
instrumentation).

to provide measurement intercomparison between platforms from all teams (Barbieri et al., 2019). The data
:::
are

::::::::
available

for the MURC towerand other teams are located
::::::::::::::::::::

(de Boer et al., 2020c),
:::::
UNL

:::::::
Mobile

:::::::
Mesonet

::::::::::::::::::::
(de Boer et al., 2020c),215

:::::::::
radiosonde

:::::::::::::::
(Bell et al., 2021),

:::
and

:::
all

:::::
other

::::::::::
participating

::::::
teams

::
on

:::
14

::
–

::
15

::::
July

:::::
2018 in the Zenodo community for LAPSE-

RATE at (LAPSE-RATE Data Repository, 2021).

On July

3.2.2
::
15

::::
July

:::::
2018

::
On

:
15 ,

::::
July 2018, the mission objective of the day was convection initiation (CI). Vertical profiling flights were conducted up220

to altitude at 500m
::::::
altitude

::
at 1m s

�1 ascent/descent speed in
::
at

:::
the Golf and Gamma location

:::::::
locations. Flights were planned

to be at every 30 minutes to allow recharge of the UAS batteries while cycling through multiple sets of batteries. At Golf, the

::
At

:::
the

::::
Golf

::::::::
location,

:::
ten

:::::
flights

:::::
were

:::::::::
conducted

:::::::
between

::::
8:59

:
–
::::::
15:14

:::::
MDT

:::::
(local

:::::
time).

::::
The weather was slightly cloudy

in the morning ;
:::
and clear throughout the day; very

:::
rest

::
of

:::
the

::::
day.

::::
Very

:
windy conditions existed for the last few flights. At

Gamma, the225
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::
At

:::
the

:::::::
Gamma

:::::::
location,

::::
nine

::::::
flights

::::
were

:::::::::
conducted

:::::::
between

:::::
9:02

:
–
::::
3:15

:::::
MDT

:::::
(local

::::::
time).

::::
Two

:::
out

::
of

:::
the

::::
nine

::::
data

::::
files

::::
could

::::
not

::
be

::::::::
recovered

::::
due

::
to

::
an

:::::
error

::
in

:::
the

:::::::
onboard

:::::::
logging

::::::::
computer

:::
and

:
a
::::::

sensor
:::::
issue.

::::
The weather was clear and windy

in the morning, and slightly cloudy for the last half of the flights.

On July

3.2.3
::
16

::::
July

:::::
2018230

::
On

:
16 ,

:::
July 2018, the scheduled mission objective was also CI with flights at the same locations

:
as

:::
the

::::::::
previous

:::
day. Flights

were limited to altitude at 120m
::::::
altitude

::
at
:
1.5m s

�1 ascent/descent speed due to Notice to Airman
:::::::
Airmen (NOTAM) not

being active for the day. Due to reduced altitude, more flights could be conducted with available batteries. As such, flights were

conducted every 15 minutes. At Golf , the

:::
We

:::::::::
performed

::
26

::::::
flights

::
at

::::
Golf

::::::::
between

::::
8:06

::
–

:::::
14:34

:::::
MDT

:::::
(local

::::::
time).

::::
The

:::
first

::::
two

::::::
flights

::
of

:::
the

::::::::
morning

::::::::
consisted235

::
of

:::
two

::::::::::
consecutive

:::::::
profiles,

:::
but

::
it
::::
was

:::::::
draining

:::
the

::::::
battery

::
a

::
lot

:::::
faster

::::
than

::::
our

:::::::::
recharging

:::::::
capacity.

:::
We

::::
then

::::::::
switched

::
to

::::
one

:::::
profile

:::::
every

::
15

:::::::
minutes

::
to

::::::
reserve

:::::::
enough

::::::
battery

::
in

::::
each

:::::
flight

::
to

:::::::
maintain

:
a
:::::::::
consistent

::::::
interval

:::::::
between

:::::::
profiles.

::::
The weather

started slightly cloudy, and then clear through out
::::::::
remained

::::
clear

:::::::::
throughout

:
the day.

At Gamma, the
::
21

:::::
flights

:::::
were

::::::::
conducted

:::::::
between

:::::
9:02

:
–
:::::
14:05

:::::
MDT

:::::
(local

:::::
time).

:::
All

:::
the

:::::::
profiles

:::::::
collected

::
at
::::
this

:::::::
location

::
are

::::::
single

:::::::
profiles.

:::
The

:
weather was clear throughout the day, with partly cloudy condition for

:::::::::
conditions

::::::::
persisting

::::::
during the240

last few flights.

On July

3.2.4
::
17

::::
July

:::::
2018

::
On

:
17 ,

:::
July

:
2018, the scheduled missions were for boundary layer transition (BLT). The early morning experiments

::::::::::
experiments

::::
were

::::::
geared

::::::
towards

:::::::::
validation

::
of

:::
the

::::::
sensor

:::::::
housing

::
by

:::
the

::::::::
detection

::
of

:::
the

::::::::
inversion

:::::
layer.

:::
We

::::::::
conducted

:::
the

:::::::::::
experiments

::
in245

::
the

:::::
early

:::::::
morning

::
in

:::
an

:::::::
inversion, before sunrise, help validate

::
to

:::::::
identify

:
if
:
the sensor housing reading since the measurement

error from the downwash
::::::::
introduces

:::::::::::
measurement

::::
error

::::
due

::
to

:::
the

::::::
upwash

::
or

:::::::::
downwash

::
of

:::
the

:::::
UAS.

::::
This

:::::
effect

:
is more easily

detected in stable versus well-mixed conditions .
::::
since

:::
air

::::::::
molecules

:::::
from

:::::
stable

:::
air

::::::
airmass

::::
will

:::::::
maintain

:::
the

:::::::::::
temperature

::
of

::
the

:::::
layer

::::
even

:::::
when

:::
air

::
is

::::::
pushed

::
up

::
or
::::::

down.
::::
Thus

::
if
:::
we

:::
can

::::::
verify

:::
that

::::::
sensor

:::::::
housing

::::::
detects

::::::::
inversion

::
at

:::
the

::::
same

:::::
level

::
as

:
a
:::::::
standard

:::::::::::
measurement

:::::
(such

::
as

:::::::::::
radiosonde),

:::
we

::::
know

:::
the

::::::::
readings

:::
are

:::
not

:::::::
affected

::
by

:::::::
upwash

::
or

:::::::::
downwash.

:
250

We conducted simultaneous flights for both UAS with six vertical profile and 3 horizontal profile
::::::
profiles

:::
and

::::
three

:::::::::
horizontal

::::::
profiles

:
at various UAS movement speeds . The sky was

::::::
between

:::::
7:00

:
–
::::
8:48

:::::
MDT

:::::
(local

::::::
time).

:::::
NSSL

::::::::
launched

::::::::::
coordinated

:::::::::
radiosonde

:::::::
balloons

::
at
:::::::

regular
:::::::
intervals

:::
at

:::
the

:::::
same

:::::::
location

::
to

:::
be

::::
used

:::
as

:::
the

::::::
ground

:::::
truth

:::::::::::
measurement

:::
for

::::::
UAS’s

:::::
data.

::::
UNL

:::::::
Mobile

::::::::
Mesonets

::::::::
collected

::::::::::::
measurements

::
at

:
2m

::::
AGL

:::
for

:::::::::::
surface-level

:::::::::::
observations

::::::
during

:::
the

:::::
entire

:::::::
duration

:::
of

:::
the

::::::::::
experiments.

::::
The

:::
sky

::::::::
remained

:
cloudy throughout all the flights.255

On July

12



3.2.5
::
18

::::
July

:::::
2018

::
On

:
18 ,

:::
July

:
2018, the scheduled mission was for CI. Flights were conducted up to altitude at 500m

::::::
altitude

::
at

:
1.5m s

�1

ascent/descent speed at both Golf and Gamma locations. Flights were generally conducted every 30 minutes. At the

::
At

:::
the

::::
Golf

::::::::
location,

:
a
::::
total

:::
27

::
of

:::::
flights

:::::
were

:::::::::
performed

:::::::
between

::::
7:08

::
–

:::::
14:20

:::::
MDT

:::::
(local

:::::
time).

::::
The

:::
first

:::
17

:::::
flights

:::::
were260

::
in

::::::
support

::
of

:::
the

:::::::::::::
LAPSE-RATE

::::::::
campaign

::::::::
objective.

:::
At

:::
the conclusion of the day, ten additional 150 m 150m altitude flights

were performed at the Golf location at various ascent/descent speed
:::::
speeds

:
to study the effect of UAS movement speed on

temperature and humidity observations. At both location,

::
At

:::
the

:::::::
Gamma

:::::::
location,

:::
16

:::::
profile

::::::
flights

::::
were

:::::::::
conducted

:::::::
between

::::
7:07

::
–
:::::
13:12

:::::
MDT

:::::
(local

:::::
time).

:::
At

::::
both

::::::::
locations,

:::::
some

:::::
flights

::::
were

:::::::::
performed

:::
up

::
to

::
an

:::::::
altitude

::
of 300m

:
,
:::::
while

:::::
others

::
at

:
500m.

:
265

::
At

::::
both

::::::::
locations,

:::
the

:
sky was clear for

::
the

:
first half of the flights, and partly cloudy for the second half.

On July

3.2.6
::
19

::::
July

:::::
2018

::
On

:
19 ,

:::
July 2018, the mission objective was cold drainage flow. UASs were placed at the Charlie and India locations for this

mission. Flights were performed starting before sunrise at maximum altitudes up to 350m at 1.5m s
�1 ascent/descent speed.270

Flights were scheduled for every 15 minutes.
::::::
Strobe

:::::
lights,

::
as

:::
per

:::::
FAA

::::::::::
regulations,

::::
were

::::
used

:::
for

:::::
flights

::::::
during

:::::::
twilight.

:

::
At

:::
the

:::::
India

:::::::
location,

::
23

::::::
flights

::::
were

:::::::::
conducted

:::::::
between

::::
5:34

::
–

:::::
11:08

:::::
MDT

:::::
(local

:::::
time).

:::::::::
Maximum

:::::
flight

:::::::
altitudes

::::
were

:::
up

::
to 300m

::::
AGL

::
for

:::::
seven

::::::
flights,

:
350m

::::
AGL

:::
for

:::
15

::::::
flights, 500m

::::
AGL

:::
for

:::
one

:::::
flight.

:

::
At

:::
the

::::::
Charlie

::::::::
location,

::
21

::::::
flights

::::
were

:::::::::
performed

:::::::
between

::::
5:50

::
–
:::::
11:10

:::::
MDT

:::::
(local

:::::
time).

:::::::::
Maximum

:::::
flight

:::::::
altitudes

:::::
were

::
up

::
to

:
300m

::::
AGL

:::
for

:::
ten

::::::
flights, 350m

::::
AGL

:::
for

::::
nine

::::::
flights, 500m

::::
AGL

:::
for

:::
one

:::::
flight.

:
275

At both locations, the sky was cloudy before sunrise but clear afterwards
::::::::
afterward.

4 Data processing and quality control

Data are recorded from individual sensors and
:::
the UAS flight controller as they arrive to the DAQ

::
at

:::
the

:::::
DAQ,

:
as described

earlier. The recorded data are then processed in MATLAB to synchronize using
:::
the zero-order-hold

::::::
(ZOH) method to create

a single output file. We used a discrete sample time of 1 second 1 s for zero-order-hold to match the output rate of primary280

sensors.
::
In

:::
the

::::
ZOH

::::::::
method,

::::::
sample

:::::
value

::
is

::::
held

:::::::
constant

:::
for

:::
one

::::::::
sampling

:::::::
period,

:::
i.e.,

:::::
when

::::::::::
temperature

::::
data

::
is

::::::::
recorded

::::
from

::::::::::
temperature

:::::::
sensors,

:::
the

:::
last

::::::
known

:::::
value

::
of

::::::
altitude

::::
from

:::::
GPS

:::
data

::
is
::::::::
recorded

::::::
without

::::
any

:::::::::::
interpolation.

:::::
Since

:::
the

::::
GPS

:::
data

::
is
::::::::

recorded
::
at

::
a
::::::
higher

::::::::
frequency

:::::
from

:::
the

:::::
flight

:::::::::
controller,

:
it
::

is
::::::::

assumed
::
to

:::
be

:::::
close

:::
and

::::::
within

::::::
GPS’s

:::::::::
uncertainty

:::
of

:::::::::::
measurement.

:
Invalid or missing data are replaced with -9999.9 wherever the sensor data are unavailable to the DAQ.

::
No

:::::
other

:::::::::
processing

:::
was

:::::
done

::
on

:::
the

::::
data,

::::
such

:::
as

:::::
sensor

::::::::
response

:::::::::
correction,

::::
bias

:::::::::
correction,

:::
etc.

:
285

We note that the humidity sensor of the XQ2
::::::::::
observations

:::
of

::
the

:::::::
primary

::::::
sensor on some flights for July 17 ,

::::
July 2018 was

::::
were saturated at 100% in one of the UAS (M600P1)and ,

::::
and

:::
the

::::::::::::
corresponding

::::
data are not usable; secondary

:
.
:::::::::
Secondary
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sensor measurements should be used to replace these data. Also, humidity readings from nimbus-pth have sensitivity issues;

although it displays a similar trend as the other sensors
:
, it does not capture the whole range of observation and will need further

calibration.290

No other processing was done on the data such as sensor response correction, bias correction, etc.File naming convention

and explanation of the data fields can be found
::::
Files

::::
were

:::::::::
formatted

::
in

::::::::
NetCDF

:::::::
format,

::::
with

::::::::
common

::::::::
variables

::::::
names

:::
and

::::::::
meta-data

::::::
added,

:::
to

::
be

:::::::::
consistent

::::
with

:::
all

:::
the

::::::
entities

:::::::::
collecting

::::
data

:::
for

:::
the

::::::::::::
LAPSE-RATE

:::::
field

:::::::::
campaign.

::
A

:::::::
detailed

:::::::::
explanation

:::
of

:::
the

::::::
naming

:::::::::::
conventions

:::
and

:::::::::
meta-data

:::
that

:::::
were

::::::::
requested

::::
can

::
be

::::::::
obtained

::::
from

::::::::::::::::::::
(de Boer et al., 2020b).

:::
An

:::::::
example

:::
file

:::::
name

::::::::
produced

::
by

:::::
UAS

::::::::
platforms

::::::::
M600P1,

::::
and

:::::::
M600P2

:::
for

:::
the

::::
data

::::::::
collected

::::::
starting

::
at
::::::::
23:16:33

:::::
UTC

::
on

:::
14295

:::
July

:::::
2018

:::::
would

:::
be

:::::::::::::::::::::::::::::::
UNL.MR6P1.a0.20180714.231633.nc,

::::
and

:::::::::::::::::::::::::::::::
UNL.MR6P2.a0.20180714.231633.nc

::::::::::
respectively.

:::::
Here,

:

–
:::::
‘UNL’

::
is

:::
the

::::::::
identifier

:::
for

:::
the

:::
data

:::::::::
collecting

:::::::::
institution,

::::
UNL

:

–
::::::::
‘MR6P1’,

:::
and

:::::::::
‘MR6P2’

:::
are

:::
the

::::::::
platform

::::::::
identifiers

:::
for

::::::::
M600P1,

:::
and

::::::::
M600P2

::::::::::
respectively

–
:::
‘a0’

::::::::
indicates

:::
raw

::::
data

::::::::
converted

::
to
::::::::
NetCDF

–
:::::::::
‘20180714’

::
is
:::::
UTC

:::
file

::::
date

::
in

::::::::::::::
yyyymmdd(year,

::::::
month,

::::
day)

::::::
format300

–
:::::::
‘231633’

::
is
:::::
UTC

:::
file

::::
start

::::
time

::
in

:::::::::::::
hhmmss(hours,

:::::::
minutes,

:::::::
seconds)

::::::
format

:

–
:::
‘nc’

::
is

:::
the

:::::::
NetCDF

:::
file

::::::::
extension

:

:::
All

:::
the

:::
files

::::
also

:::::::
contain

:::::::
metadata

:::
for

::::
each

:::::::
variable

::::
with

:::
an

::::::::::
explanation

::
of

:::::::
physical

:::::::::::
measurement

:::::
units,

::::
time

::::::::::::::
synchronization

:::::::
method,

:::::::
sensors

::::
used

:::
for

:::
the

:::::::::::
measurement.

::::
File

:::::::
naming

::::::::::
conventions

:::
and

:::::::::::
explanations

:::
are

:::
also

::::::::
described

:
in the read-me file of

::
the

:
Zenodo data repository.305

5 Special topics of interest

The following are special topics of interest that can be studied from the dataset. Our analysis that focused on these topics can

be found in our previous work (Islam et al., 2019).

Calibration:

5.1
:::::::::

Calibration310

Data from July 14 ,
::::
July 2018 can be used with MURC data available at Zenodo to obtain reference for calibration (de Boer, Gijs et al., 2020).

::
the

:::::::
Zenodo

::::
data

:::::::::
repository

:::::::::::::::::::::
(de Boer et al., 2020c) to

::::::
obtain

:
a
:::

for
::::::::::

calibration.
::::::::::

Correction
::
of

::::
bias

::
in

::::::
sensor

::::::::
readings

::::::
during

:::::::::::::
post-processing

::::::
requires

:::::::::
calibration

:::::::
against

:
a
::::::
known

::::::
reliable

::::::::::::
measurement.

:
It
::::
also

::::::
serves

::
as

::::::::
additional

::::::::
validation

:::
for

:::
the

::::::
sensor

::::::::
platforms

:::
and

:::::
their

:::::::
collected

:::::
data.

::
It

::::
also

::::::::
facilitates

:::
the

::::::::::
comparison

:::
of

::::
data

::::::::
collected

::
by

::::::::
different

::::::::
platforms

:::
by

::::::::
providing

::
a

::::::::::::
“ground-truth”

::
to

::::::::
compare

::::::
against.

:
Our previous paper (Islam et al., 2019) discusses the deviation of our observations with315
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MURC data over a period of 10 minutes. Other work (Barbieri et al., 2019) compares all the different participating platforms

::::::::
platforms

::::::::::
participating

::
in

:::
the

:::::::::::::
LAPSE-RATE

::::::::
campaign along with ours against MURC tower dataas well.

Effect of ascent/descent speed:

5.2
:::::

Effect
::
of

::::::::::::
ascent/descent

::::::
speed

To study the effect of ascent/descent speed on the sensor readings, 10 flights from M600P2 platform on July
:::
Ten

:::::
flights

:::::
from320

::
the

::::::::
M600P1

::::::::
platform

::
on

:
18 ,

::::
July 2020 starting at 20:21 UTC

:::::
(local

::::
time

:::::
14:21

::::::
MDT)

:
can be used

::
to

:::::
study

:::
the

:::::
effect

:::
of

::::::::::::
ascent/descent

:::::
speed

::
on

:::
the

::::::
sensor

::::::::
readings. Flights were conducted up to 150m

:
a
:
150m altitude with speeds ranging from

1–5m/s 1� 5m s
�1 ascent speed, and 1–3m/s 1� 3m s

�1 descent speed. Our analysis on
:::::
While

:
it
::
is
::::::::
desirable

::
to

:::::
move

::
at

::
a

::::
faster

::::::
speed

::
to

:::::::
optimize

:::::::
battery

:::::
power

:::::
usage

::
to
::::::
profile

::
at
::::::
greater

::::::::
altitudes,

::
it
::::
may

:::::::::
contribute

::
to

:::
the

:::::::
effective

::::::
sensor

::::::::
response

::::
time.

::::::::::::
Characterizing

:::
the

::::::
sensor

:::::::
response

::
at

:::
the

:::::::
different

:::::
ascent

::::
and

::::::
descent

::::::
speeds

:::::
would

:::::
allow

:::
for

::
the

::::::::::::
corresponding

:::::::::
correction325

::
in

:::
the

::::::::::::::
post-processing

::
of

:::
the

::::
data.

::::
Our

:::::::
analysis

::
of these data can also be found in our paper (Islam et al., 2019).

Detection of Inversion:

To study the sensor performance within an inversion layer, the first six flight

5.3
::::::::

Detection
::
of

::::::::
Inversion

:::
The

::::
first

:::
six

:::::
flights

:
from each platform can be used from July 17 , 2020.

:::
July

::::
2020

:::
to

::::
study

:::
the

::::::
sensor

:::::::::::
performance

:::::
within

:::
an330

:::::::
inversion

:::::
layer.

:
The speed of flight through the inversion layer ranged from 0.5-5m/s 0.5� 5m s

�1 for ascent, and 0.5-3m/s

0.5� 3m s
�1 for descent.

:::
The

::::::
flights

::::
were

::::::::::
coordinated

:::::
with

:::::::::
radiosonde

::::::::
launches

::::
from

::::::::
National

::::::
Severe

::::::
Storms

::::::::::
Laboratory

::::::
(NSSL)

::
to

::::::::
compare

:::
the

::::
UAS

:::::::
profiles

::::::
against

:::
the

:::::::::
radiosonde

:::::::
profiles.

:::::::::
University

::
of

:::::::::::::::
Nebraska-Lincoln

::::::
(UNL)

::::::
Mobile

::::::::
Mesonet

:::
was

::::
also

::::::::
collecting

::::
data

:
at
:::
the

::::::
ground

:::
for

:::::::::::
surface-level

:::::::::::
observations.

::::::
Dataset

:::
for

:::::::::
radiosonde

::::::::::
observations

:::
by

:::::
NSSL

:::::::::::::::
(Bell et al., 2021),

:::
and

::::::
surface

:::::::::::
observations

:::
by

:::::
UNL

::::::
Mobile

::::::::
Mesonet

::::::::::::::::::::
(de Boer et al., 2020c) is

::::::::
uploaded

:::
to

:::::::
Zenodo

:::
for

::::::::::::::
intercomparison.

::::
The335

:::::
ability

::
to

::::::
detect

:::
the

::::::::
inversion

::
at

:::
the

::::::
correct

:::::::
altitude

::
by

:::
the

:::::
UAS

:::::
sensor

::::::
proves

::::
that

::::
UAS

::
is
:::::::::

collecting
:::
the

:::::::::::
observations

::
at

:::
the

:::::
sensor

::::
level

::::::
rather

:::
than

:::::
from

:::
the

::::::
upwash

::
or
:::::::::
downwash

:::
of

:::
the

::::
UAS.

:::::::::::
Additionally,

::::::::
detection

::
of

::::::::
inversion

::::::::
provides

:::::::::
confidence

::
in

::
the

:::::::
quality

::
of

:::
the

:::
data

:::::
from

:::
the

:::::
sensor

:::::::
housing

::
in

::::
both

::::::
ascent

:::
and

:::::::
descent.

::::::::
Different

::::::
ascent

::::::
descent

::::::
speeds

:::
are

::::
used

::
to

:::::::
identify

::
the

:::::::::
maximum

:::::
speed

::::
that

:::
can

:::
be

::::
used

:::::
while

::::
still

::::::::
acquiring

::::::
quality

:::::
data.

::::::::::::::
Characterization

::
of

:::
the

::::::
sensor

::
in

:::
the

::::::::
inversion

:::::
layer

:::::::
provides

:
a
::::::

means
:::
for

:::::::::
correction

::
of

::::::::::
observation

::::
level

:::
in

::::
case

::
an

:::::
offset

::
is
::::::::

detected
::
in

:::
the

::::::::
inversion

:::::
layer

::::
when

:::::::::
compared

::
to

::
a340

:::::::::
radiosonde.

:
These data could

:::
also

:
be used for comparison to the theoretical work of

::
for

::::::
ascent

:::
and

:::::::
descent

::::
rate

::
of

:::::::
sensing

::::::::
platforms (Houston and Keeler, 2020).
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Effect of body-relative wind direction / Horizontal transect:

5.4
:::::

Effect
::
of

::::::::::::
body-relative

::::
wind

::::::::
direction

::::
and

::::::::::
Horizontal

:::::::
transect

Data are available to study sensor performance during horizontal transect with different orientations relative to the wind. The345

last three flights from each platform on July 17 ,
:::
July

:
2020 can be used for this purpose. Horizontal flight speed ranged from

2-10m2� 10m s
�1.

:::::
These

::::
data

:::
can

::::
also

::
be

::::::::
compared

::::
with

:::::::::
radiosonde

::::::
profile

::::::::::::::::::
(Bell et al., 2021) and

::::::
surface

::::::::::
observations

:::::::::::::::::::::::::
(de Boer et al., 2020c) similar

::
to

::::::
Section

:::
5.3.

::::
The

::::::::
horizontal

::::::
flights

::
at

:::::::
different

:::::
speeds

::::::
against

:::::::
various

::::::::::
orientations

::
of

::::
wind

::::::
provide

:::::::::
additional

::::::::::::::
characterizations

::
for

::::
the

::::::
quality

::
of

::::::
sensor

::::
data

::
at
:::::::

various
::::::::::
atmospheric

:::::
wind

::::::::::
conditions.

::::::::
Different

:::::::::
horizontal

:::::
flight

:::::
speed

::::::::
simulates

::::::::
different

::::::
incident

:::::
wind

::::::
speed

::
at

:::
the

::::::
sensor

:::::::
housing

::::
inlet

::::
and

::::
their

::::::
effect

::
on

::::
the

:::::::::::
observations.

:::
At

:::
the

:::::
same

:::::
time,

:::
the

:::::::::
orientation

:::
of350

:::::
sensor

:::::::
housing

::::::::
simulates

:::::::
incident

:::::
wind

::
at

:::::::
different

::::::::::
orientations

::::
and

::::
their

::::::
effects

:::
on

:::
the

::::::
sensor

:::::::::::
observations.

:::
The

::::::::::
orientation

:::::::::::::
characterization

::
is

::::::::::
particularly

::::::::
important

::
as
::::::

waste
::::
heat

::::
from

:::::
UAS

:::
can

:::
be

::::::
carried

::::
into

:::
the

::::::
sensor

:::::::
housing

::
in

:::
an

::::::::::
unfavorable

::::
wind

::::::::::
orientation.

::::
Any

::::
bias

:::
that

::::
may

::::::
appear

::
in

:::::
these

::::
tests

:::::
would

:::::
need

::
to

::
be

::::::::::
considered

::
in

:::
the

:::::::
profiling

:::::
flight

::::
plan

::
to

::::::::
optimize

::
the

::::::::::
orientation

:::
of

:::
the

::::::
sensor

:::::::
housing

::::
inlet

:::::::
relative

:::
to

:::
the

:::::
wind

::
to

::::::
collect

:::::::
quality

::::
data

::::
and

:::::
make

::::::::::
appropriate

::::::::::
corrections

::
in

:::
the

::::::::::::::
post-processing.

::::
Our

:::::::
analysis

::
of

:::::
these

:::::
data

:::
can

::::
also

:::
be

:::::
found

:::
in

:::
our

::::::::
previous

:::::
work

::::::::::::::::
(Islam et al., 2019).

:::::::::
Although355

::::::::::
traditionally

::::::::
multirotor

:::::
UAS

::
is

::::
used

::
for

:::::::
vertical

::::::::
profiling;

:::
our

::::
data

:::::
shows

:::::::
reliable

:::
data

:::::::::
collection

::
is

:::
also

:::::::
possible

:::
for

:::::::::
horizontal

:::::
profile/s

::::::
transect

:::::
using

:::
our

:::::
sensor

:::::::
housing.

6 Examples of collected profile

Figure 4 shows examples of temperature and humidity profiles collected using the M600P1 platform’s primary sensor. The top

two panels illustrate a 500m profile taken through a well-mixed atmosphere. The bottom two panels in Figure 4 are an example360

of a profile taken before sunrise through a nocturnal inversion.
::::::::
Although

:::
the

:::::::
housing

::
is

::::::::
designed

::
to

::::::
address

:::::::::::::
ascent/descent

:::::::::
differences,

:::
the

::::::
sensor

:::
and

:::
the

:::::::
housing

::::
have

:::
an

:::::::
inherent

:::::::
response

:::::
time

:::
that

:::
can

::::
not

::
be

:::::::::
eliminated.

::::
The

:::::
utility

:::
of

:::
the

::::::::
presented

:::::
sensor

:::::::
housing

::
is

::
to

::::
keep

:::
the

::::::::
effective

:::::::
response

::::
time

:::::::::
consistent

::::::::::
irrespective

::
of

:::
the

::::::::::
atmospheric

::::::::
condition

::
or

::::::::::
orientation

::
of

:::
the

:::::
sensor

:::::::
relative

::
to

:::
the

:::::::::
wind/sun.

:::
The

::::
data

:::::::::
presented

::
in

:::
the

::::::
figures

::::
are

:::
not

::::::
filtered

::
or
:::::::::

corrected
:::
for

:::::::
effective

::::::
sensor

::::::::
response

::::
time.

::::
The

:::
raw

::::
data

:::::::
without

::::
any

:::::
sensor

::::::::
response

:::::::::
correction

::
is

::::::::
presented

::
to

:::::
show

:::
the

::::::
impact

::
of

::::::
proper

::::::
sensor

:::::::
housing

:::
on

:::
the365

::::::::::
observations

::::::::
collected

:::
by

::::::::::
temperature

:::
and

::::::::
humidity

:::::::
sensors.

::::
This

::::::::
response

:::
lag

::::::
causes

::
a

::::::::
deviation

::
in

::::::::::::
ascent/descent

:::::::
reading

::
as

::
is

::::::::
expected.

::::::::::::
Ascent/descent

::::::::
deviation

:::
for

::::::::
humidity

::::::
sensor

::
is

:::::
larger

:::
due

:::
to

::
its

::::::
slower

:::::::
response

:::::
time

::
in

:::::
colder

::::::::::::
temperatures.

::::
Even

:::::::
without

:::
any

:::::::::
correction,

::::::
ascent

:::
and

:::::::
descent

:::::::
readings

::
in

:::
our

::::
data

::::
were

::::::
within

:::
the

::::::
bounds

::
of
:::::::
sensors

:::::::::
uncertainty

::
(± 0.3 �

C

:::
and

:
± 5%RH

::
for

::::::::::
temperature

::::
and

::::::::
humidity

:::::::
sensors,

:::::::::::
respectively)

:::
and

:::::
show

::::
how

::::::::
effective

::::::
sensor

:::::::
housing

::
is

::
in

:::::::::
collecting

::::::
quality

::::
data.

::
It

:::::
should

:::
be

:::::
noted

:::
that

:::::::::
correction

:::
can

::
be

:::::
done

::::
using

::::::
sensor

:::::::
response

::::
time

:::
as

::::
listed

:::
by

:::
the

:::::::::::
manufacturer

::
in

:::::
Table

::
1.370

:
A
::::::::

rigorous
::::::::
correction

::::::
would

::::::
require

:::
the

::::::::::::::
characterization

::
of

:::
the

::::::
sensor

:::::::
installed

::
in
:::

the
:::::::

housing
:::

‘as
::::::

flown’
::::::::::::::::
(McCarthy, 1973).

:::
The

::::
data

:::::
from

::::::
MURC

::::::::::::::::::::::
(de Boer et al., 2020c) and

:::::
UNL

::::::
Mobile

::::::::
Mesonet

:::::::::::::::::::::
(de Boer et al., 2020c) can

:::
be

::::
used

:::
as

::
an

:::::::::
additional

:::::::::
calibration

:::::
point,

::
as

::::::::
discussed

::
in

:::::::
Section

::
5.

Figure
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Figure 4.
:::::::
Examples

::
of

:::
two

::::::
vertical

::::::
profiles

:::::::
collected

:::::
using

::::
UAS:

::::::::
M600P1.

:::
The

:::
top

:::
row

::::::::::
corresponds

::
to

:
a
:
500m

:::::
profile

::
in

:
a
:::::::::
well-mixed

:::::::::
atmosphere;

::
the

::::::
bottom

:::
row

:::::::::
corresponds

::
to
::
a 300m

:::::
profile

:::::
during

:
a
:::::::
nocturnal

::::::::
inversion

:::::
before

::::::
sunrise.

:::
The

:::::
figures

::::
show

::::
raw

:::
data

::
as

:
it
::::

was

:::::::
collected,

::::
thus

::::
show

:
a
::::::::
difference

::
in

:::::
ascent

:::
and

::::::
descent

:::::::::::
measurement

::
as

:::::::
expected

:::
due

::
to

:::::
sensor

:::::::
response

::::
time.

::::::::
Humidity

:::::
sensor

:::::::
response

:::
time

::
is

:::::
slower

::::
than

:::::::::
temperature

:::::
sensor

::
(at

:::
the

::::::::::
temperatures

::::
when

:::::
flights

::::
were

:::::::::
conducted),

:::
and

:::::::
response

:::
time

:::::::
changes

:::
with

:::::::::
temperature

::::
(see

::::
Table

::
1).

:::
As

::::
such,

:::
the

:::::::
difference

:::::::
between

:::::
ascent

:::
and

::::::
descent

:
is
:::::

much
:::::
larger

::
for

:::::::
humidity

:::::::
readings,

::::
with

:::::::
additional

::::::::
variability

::::::::
introduced

:::
by

:::::::
changing

:::::
sensor

:::::::
response

::::
time.

::::
Even

::::::
without

::::::::
correction,

::
it
:::::
should

:::
be

::::
noted

::::
that

::
the

:::::
ascent

::::
and

::::::
descent

::::::
readings

:::
are

:::::
within

:::
the

::::::
bounds

::
of

:::::
sensors

:::::::::
uncertainty

:
(± 0.3 �

C
:::
and ± 5%RH

::
for

:::::::::
temperature

:::
and

:::::::
humidity

::::::
sensors,

::::::::::
respectively)

:::
and

:::::
shows

:::
how

:::::::
effective

:::::
sensor

::::::
housing

::
is

:
in
::::::::
collecting

:::::
quality

::::
data.
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Temperature profiles (with artificLal offset for separation between flights)

Figure 5. Temperature profile
::::::
profiles from the primary sensor (XQ2) in all flights from 15-19

:::::
15–19 July , 2018

::::
2018.

::::
The

:::::::
horizontal

::::
axis

:::
does

:::
not

::::::
represent

::
a

::::::::
continuous

:::::::::
temperature

:::::
scale;

:::
each

::::::
profile

:::::
within

:
a
:::
day

::
is

:::::::
displaced

:::::
along

:::
the

:::::::
horizontal

::
to
:::::
avoid

::::::
overlap.

:::::
Order

::::
from

::
left

::
to
::::
right

:::
on

:::
each

::::::
subplot

:::::::
indicates

:::
the

::::
order

::
in

:::::
which

:::::
flights

::::
were

::::::::
conducted.

:::::
Table

:
3
:::
can

::
be

::::::::
consulted

::
for

:::::::::
information

:::::
about

::::
flight

::::
start

::::
times

:::
and

:::
site

::::::
location

:::
for

:::
each

::::
UAS

:::
on

:
a
:::::::
particular

::::
day.

::::::
Figures 5 andFigure 6 shows

:
6
:::::
show primary sensor (XQ2) temperature and relative humidity profiles, respectively, for all375

the flights conducted between 15-19 July ,
:::::
15–19

::::
July 2018. The profiles are plotted using artificial

::
an

:::::::
artificial

:::::::::
horizontal

::::
axis

offset for clarity. These figures serves
::::
serve

:
the purpose of a quick glance over the

:::::
entire dataset and to locate interesting flights

for further study.
:
It
::::::
should

:::
be

:::::
noted

:::
that

:::
all

:::
the

::::::::
presented

::::
data

:::
are

:::
raw

::::
data

::
as

::::::::
collected

:::
by

:::
the

::::::
sensors

:::::::
without

:::
any

:::::::::
correction

::
for

::::::
sensor

:::::::
response

::::
time

:::
or

:::
bias

:::::::::
correction.

:

Examples of vertical profile collected using UAS: M600P1380

::
In

:::::
Figure

::
5,

::::::
flights

::::::::
conducted

:::
on

::
15,

:::
16,

::::
and

::
18

::::
July

::
to

:::::::::
investigate

::::::::::
‘Convection

:::::::
initiation

:::::
(CI)’

::::
show

::
a

:::::::::
well-mixed

::::::::::
atmosphere

:::::
profile

:::
for

::::
most

::::::
flights

::::
with

:
a
::::::
steady

:::::
lapse

:::
rate

::
of

:::::::::::
temperature.

::::
Data

::::
from

::::::::
M600P1

::
on

:::
18

::::
July

::
at

:::
the

::::
Golf

:::::::
location

:::
(see

:::::
Table

::
2

:::
and

::
3)

:::::
show

::
the

::::::::
presence

::
of

::
an

::::::::
inversion

::
in

:::
the

::::
early

::::::::
morning

::::::
flights.

::::
Also,

::::::
notice

:::
the

:::
last

:::
ten

::::::
profiles

:::
for

:::::::
M600P1

::::
with

:::::::
varying

:::::
speed

:::::::
produces

:::
an

::::::::::::
ascent-descent

::::::::
difference

::
of

::::::
various

::::::::
amounts

:::
due

::
to

::::::
change

::
in

:::::::
effective

::::::
sensor

:::::::
response

:::::
time.

::::
Data

::::::::
collected
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:
at
::::::
Leach

::::::
airport

:
to
:::::::::
investigate

:::::::::
‘Boundary

:::::
layer

::::::::
transition

::::::
(BLT)’

::
on

:::
17

:::
July

:::::
show

:
a
::::::
strong

:::::::
presence

::
of

:::
an

:::::::
inversion

::
in
:::
all

::::::
flights.385

::::
Data

::::
from

:::
19

::::
July

:::::::
collected

::
to

:::::::::
investigate

:::::
‘Cold

:::
air

:::::::
drainage

::::
flow

:::::::
(CDF)’

::::
show

::::::::::
progression

::
of

:::
the

:::::
ABL

::::
from

::::::::
inversion

::::::
before

::::::
sunrise

::
in

:::
the

::::
early

::::::
flights

::
to

:::::::::
well-mixed

::::::::
condition

:::
for

:::
the

:::
last

::::
few

:::::
flights

:::
of

::
the

::::
day.

:

::
In

::::::
Figure

::
6,

:::::
flights

:::::::::
conducted

:::
on

:::
17

::::
July

::
by

::::::::
M600P1

:::::
show

:::::::
primary

::::::::
humidity

:::::
sensor

:::::::
failure.

::::::::
However,

::::
data

::::
files

:::::::
include

::::::::
secondary

::::::
sensor

::::::::
humidity

::::::::::::
measurements

:::
that

::::::
should

:::
be

::::
used

:::
for

:::::::
analysis

:::::::
instead.

:::::
Since

:::
the

::::::::
humidity

::::::
sensors

:::::
have

:
a
::::::
higher

:::::
sensor

::::::::
response

::::
time

::
in

:::
the

::::::::::
temperature

:::
we

::::::::
conducted

:::::
most

::
of

:::
our

::::::
flights,

::
it

::::
may

::::
show

:::::::::
hysteresis

:::::
higher

::::
than

:::
the

:::::::::::
temperature.390

:::
We

:::
also

:::::
found

::::
that

:::
the

:::::::
humidity

::::::
sensor

:::::
would

::::::
collect

:::::
micro

::::
dust

:::::::
particles

::
as

::
it

:::
was

:::::
being

:::::
flown,

::::::
which

::::
could

:::::
affect

:::
the

::::::::
accuracy

::
of

:::
the

::::::
sensors

::::::
further.

:::::::
Another

:::::::::
interesting

:::::::
feature

::
of

:::
the

:::::::
humidity

::::
data

:::::::::
presented

:::
here

::::::
shows

::::
that

:::::::
readings

:::
are

:::::
much

::::::::
smoother

::::
when

:::::::::
collecting

:::
data

::
in
:::
an

::::::::
inversion

::::::::
compared

::
to

::::
data

::
in

:
a
::::::::::
well-mixed

::::::::::
atmosphere.

:::::::::::
Additionally,

:::
the

::::::::
difference

:::::::
between

::::::
ascent

:::
and

::::::
descent

::
is
:::::
much

::::::
higher

::::
near

::::::
ground

::::
level

:::
for

:::::
most

::::::
flights;

:::
this

::
is

:::
the

:::::
result

::
of

:
a
:::::
rapid

::::::
change

::
of

::::::::
humidity

::::
near

::::::
ground

::::
and

:::::
sensor

::::::::
response

::::
time

::
of

::::::::
humidity

::::::
sensors.

:
395

7 Conclusions

As part of the LAPSE-RATE measurement campaign in July 2018 in San Luis Valley, Colorado, USA, UNL participated in

data collection in support of science missions focused on convection initiation, boundary layer transition, and cold air drainage

flow. UNL deployed UASs in two location simultaneously for each mission
:::
two

:::::
UASs

:::
in

:::
five

::::::::
locations

:::
for

:::::
these

:::::::
missions. A

total of 172 flights were conducted up to a maximum 500m altitude above ground level (AGL). All data are available for400

open access at Zenodo data repository (Islam et al., 2020). ,
::::::::
resulting

::
in

::
an

:::::::::
interesting

::::
and

::::::
diverse

::::::
dataset

::::
that

:::
can

::
be

:::::::
studied

::::::::::
individually

::
or

:::::
along

::::
with

::::
data

::::
from

:::::
other

:::::
teams

::::::::::
participating

::
in
:::
the

:::::::::::::
LAPSE-RATE

::::::::
campaign.

:

8 Data availability

Dataset is available at Zenodo with Creative commons license. https://doi.org/10.5281/zenodo.4306086 (Islam et al., 2020).
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Figure 6. Relative humidity profile from the primary sensor (XQ2) in all flights from 15-19
::::
15–19

:
July , 2018

::::
2018.

:::
The

::::::::
horizontal

:::
axis

::::
does

::
not

::::::
represent

::
a
::::::::
continuous

:::::::
humidity

:::::
scale;

::::
each

:::::
profile

:::::
within

::
a
:::
day

::
is

:::::::
displaced

:::::
along

::
the

::::::::
horizontal

::
to

:::::
avoid

::::::
overlap.

:::::
Order

::::
from

:::
left

::
to

:::
right

:::
on

::::
each

:::::
subplot

:::::::
indicates

:::
the

::::
order

::
in
:::::
which

:::::
flights

::::
were

:::::::::
conducted.

::::
Table

::
3

:::
can

::
be

:::::::
consulted

:::
for

:::::::::
information

::::
about

:::::
flight

:::
start

:::::
times

:::
and

:::
site

::::::
location

::
for

::::
each

::::
UAS

::
on

::
a

:::::::
particular

:::
day.
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