
ThiV docXmenW conWainV iWem-b\-iWem UeVponVeV Wo Whe UeYieZeU'V commenWV. The UeYieZeU¶V
commenWV aUe in black, non-iWalici]ed, UegXlaU fonWV. AXWhoU UeVponVeV aUe in blXe, iWalici]ed
fonWV. ChangeV Wo Whe manXVcUipW Zill be pUoYided dXUing UeYiVed VXbmiVVion, peU
inVWUXcWionV of Whe CopeUnicXV ediWoUial Weam (i.e., UeYiVed manXVcUipW and diff file).
NoneWheleVV, e[ampleV of Whe coUUecWionV and a deWailed YieZ of each e[peUimenW aUe
pUoYided in Whe aWWached diVcXVVion VXpplemenW.

GeneUal commenWV:

We Whank ReYieZeU #1 foU hiV YeU\ WhoUoXgh anal\ViV of Whe manXVcUipW. HiV commenWaU\
ZaV encoXUaging and helpfXl in impUoYing Whe final UeVXlWV. FolloZing hiV (and UeYieZeU'V #2)
VXggeVWionV, Ze UepeaWed Whe MeVoneW WempeUaWXUe and UelaWiYe hXmidiW\ e[peUimenWV
XndeU moUe conWUolled condiWionV, added moUe WeVW VenVoUV, and adjXVWed Whe UeVXlW
pUeVenWaWion. TheUefoUe, Whe final commenW beloZ iV ZUiWWen in lighW of Whe folloZing
changeV:

- The Li-820 VenVoU oUiginall\ named CO2 IndependenW SenVoU OXWVide iV Uenamed
RefeUence SenVoU OXW (Ref_OUT).

- The Li-840A VenVoU oUiginall\ named CO2 IndependenW SenVoU InVide iV Uenamed
RefeUence SenVoU In (Ref_IN).

- The SenVeaiU K30 VenVoUV oUiginall\ named CO2 TeVW SenVoUV 1 and 2 aUe Uenamed
K30_##, ZheUe Whe fiUVW digiW UefeUV Wo iWV aWWached V\VWem (i.e. loggeU, WempeUaWXUe,
and UelaWiYe hXmidiW\ VenVoUV) and Whe Vecond digiW iV iWV idenWificaWion. ThiV Za\ Whe
fiUVW SenVeaiU K30 VenVoU of WeVW V\VWem 2 iV named K30_21.

- The MeVoneW WempeUaWXUe and UelaWiYe hXmidiW\ e[peUimenWV noZ haYe a "UXn"
idenWificaWion (i.e., "MeVXneW RXn 1 - TempeUaWXUe", "MeVXneW RXn 2 - TempeUaWXUe",
"MeVXneW RXn 1 - RelaWiYe hXmidiW\", eWc), ZheUe RXn 1 iV Whe daWa oUiginall\
pUeVenWed in Whe manXVcUipW and RXnV 2 and 3 aUe Whe UepeWiWion UXnV.

A "DiVcXVVion SXpplemenW" (appended Wo Whe end of WhiV Uepl\) VhoZV a VXmmaU\ of
e[peUimenWV and VenVoUV XVed folloZing Whe model in AU]oXmanian (2019;
doi:10.5194/amW-12-2665-2019), VXppoUWing maWeUial Wo e[plain Whe loZ CO2 YalXeV Veen in
Whe MeVoneW E[peUimenW (RXn 1). The UeVXlWV of Whe coUUecWion applicaWion on Whe MeVoneW
T/RH E[peUimenW (RXn 1) daWaVeW, folloZed b\ Whe UeVXlWV foU Whe MeVoneW T/RH E[peUimenW
(RXn 2 and 3), and Whe adjXVWed Bench WempeUaWXUe and UelaWiYe hXmidiW\ E[peUimenWV. The
docXmenW endV ZiWh Whe VXppoUWing ploW foU Whe PUeVVXUe Wime-UeVponVe coUUecWion ("ideal
Vignal") and a bUief diVcXVVion aboXW Whe UepoUWed WempeUaWXUe fUom Whe Li-820 UefeUence
VenVoU.

PleaVe noWe WhaW eYen WhoXgh Whe UeVXlWV foU Whe coUUecWion applicaWion on Whe MeVoneW T/RH
E[peUimenW (RXn 1) daWaVeW aUe pUeVenWed in Whe aWWached "DiVcXVVion SXpplemenW", Whe\
VeUYe onl\ aV a compaUiVon of Whe coUUecWion meWhod. FolloZing Whe UeYieZeU'V VXggeVWion,
Whe MeVoneW T/RH E[peUimenW (RXn 1) daWaVeW Zill be diVcaUded. Onl\ MeVoneW T/RH
E[peUimenW (RXn 2 and 3) Zill be anal\]ed in Whe UeYiVed manXVcUipW.



²-----------------------²-----------------------²-----------------------²-----------------------

ReSl\ fRU Anon\moXV RefeUee #1

GeneUal commenWV:

Ɣ IW iV difficXlW Wo UeYieZ Whe VcienWific YalidiW\ of Whe aXWhoU¶V commenWV UegaUding Whe
diffeUenW VenVoUV¶ dependenceV on enYiUonmenWal paUameWeUV, aV Whe anal\VeV aUe
moVWl\ of a TXaliWaWiYe naWXUe. IncUeaVing Whe leYel of TXanWificaWion ZoXld alVo
enable a compaUiVon of WheiU UeVXlWV ZiWh oWheU anal\VeV and ZoXld be of chief
inWeUeVW foU UeadeUV of WhiV papeU, aV Whe\ Zill poWenWiall\ be looking Wo appl\ WheVe
coUUecWionV Wo WheiU VenVoUV.

○ Some e[ampleV (noW compleWe):
■ L 148 ³ThiV h\poWheViV iV VXppoUWed b\ a VWUongeU coUUelaWion beWZeen

Whe WeVW and independenW VenVoUV.́
■ L 156/157 ³In WhiV e[peUimenW, Whe abVence of hXmidiW\ dependence iV

eYidenW.́  L 174/175 ³ThiV e[peUimenW VhoZed an e[WUeme dependence
beWZeen Whe CO2 concenWUaWion YalXeV [...] and pUeVVXUe.́

○ FoU UefeUence on poVVible meWUicV and deViUed leYel of TXanWificaWion and UigoU,
pleaVe conVXlW pXblicaWionV in WhiV joXUnal like AU]oXmanian (2019;
doi:10.5194/amW-12-2665-2019)

Ɣ FoU all fiWV in WhiV VWXd\, onl\ U-YalXeV aUe pUoYided and Vlope aV Zell aV inWeUcepW
inclXding UeVpecWiYe eUUoUV aUe miVVing. AddiWionall\, Whe facWoUV foXnd foU Whe
coUUecWionV (incl. Wime UeVponVe coUUecWion) aUe noW pUeVenWed foU an\ of Whe
anal\VeV, Vo neiWheU Whe abVolXWe dependence on enYiUonmenWal YaUiableV (oU Wime
UeVponVe) noU Whe diffeUence in dependence beWZeen Whe WZo VenVoUV can be
eYalXaWed oU compaUed Wo Whe VcienWific liWeUaWXUe.

We agUee ZiWh Whe UeYieZeU and haYe added SlRWV and WableV deWailing each
e[SeUimenW'V enYiURnmenWal cRndiWiRnV (SUeVVXUe, WemSeUaWXUe, UelaWiYe hXmidiW\) WR
Whe UeYiVed manXVcUiSW'V VXSSlemenW. In addiWiRn, Ze haYe alVR added SlRWV and
WableV ZiWh Whe VlRSe, Y-inWeUceSW, R2, and RMSE (WR Whe lineaU fiW) fRU each WeVW
VenVRU UelaWiYe WR each enYiURnmenWal YaUiable and UefeUence CO2 VenVRU, fRU all
e[SeUimenWV. The diVcXVViRn VXSSlemenW (aWWached) VhRZV e[amSleV Rf WheVe SlRWV
and WableV.

Ɣ Since noW all enYiUonmenWal paUameWeUV aUe conWUolled in BenchWop e[peUimenWV,
VhoZing Whe oWheU enYiUonmenWal facWoUV in Whe Wime-VeUieV and anal\Ving Whem iV
impoUWanW Wo enVXUe Whe iVolaWion of UeleYanW paUameWeUV Zhich iV a cenWUal goal of
WhiV papeU.

We agUee ZiWh Whe UeYieZeU. HRZeYeU, VhRZing all cRndiWiRnV and UeVXlWV in Rne SlRW
can RbfXVcaWe Whe UeVXlWV and make Whe SlRW haUdeU WR inWeUSUeW. TR addUeVV WhiV need
Ze haYe VWandaUdi]ed Whe SUeVenWaWiRn Rf Whe e[SeUimenWV, VhRZing all 3
enYiURnmenWal YaUiableV fRU all e[SeUimenWV in VeSaUaWe SlRWV and WableV in Whe
UeYiVed manXVcUiSW'V VXSSlemenW. The diVcXVViRn VXSSlemenW (aWWached) VhRZV
e[amSleV Rf WheVe SlRWV and WableV.



NRWe: EYen WhRXgh Whe enYiURnmenWal SaUameWeUV cRXld nRW be cRnWURlled fRU Whe
bench e[SeUimenWV, WheiU VhRUW dXUaWiRn limiWV imSacWfXl changeV in SUeVVXUe
and WemSeUaWXUe. NRneWheleVV, changeV in UelaWiYe hXmidiW\ aUe Veen dXUing
Whe bench WemSeUaWXUe e[SeUimenW dXe WR Whe naWXUe Rf caSaciWiYe
h\gURmeWeUV and WheiU deSendence Rn WemSeUaWXUe WR calcXlaWe RH. TR helS
UeadeUV eYalXaWe Whe imSacW Rf hXmidiW\, Whe H20 (SSW RU mmRl/mRl) Rf Whe
LicRU 840a iV alVR VhRZn in Whe UeYiVed manXVcUiSW'V VXSSlemenW.

Ɣ Some of Whe e[peUimenWV ZeUe condXcWed monWhV apaUW. Since NDIR VenVoUV¶ opWical
pUopeUWieV (and WhXV dependenceV on enYiUonmenWal paUameWeUV) aUe knoZn Wo
change ZiWh Wime, I Uecommend againVW pXWWing WheVe e[peUimenWV Vimpl\ ne[W Wo
each oWheU ZiWhoXW Vome fXUWheU jXVWificaWion oU anal\ViV.

We agUee ZiWh Whe UeYieZeU. TR faciliWaWe Whe UeadeU'V XndeUVWanding Rf Whe UeVXlWV Ze
haYe added a Wable, VimilaU WR E. AU]RXmanian eW al (2019), VXmmaUi]ing all e[SeUimenWV
and WheiU UeVSecWiYe VenVRUV. We haYe alVR changed Whe nRmenclaWXUe Rf RXU WeVW VenVRUV WR
make WhiV mRUe eYidenW in SlRW labelV and UeVXlW WableV.

ScienWific commenWV

Ɣ L 60 ³We alVo iVolaWed Whe effecWV of pUeVVXUe, WempeUaWXUe, and UelaWiYe hXmidiW\ on
an NDIR VenVoU and anal\]ed WheiU impacW VepaUaWel\.́

○ Did \oX conVideU alVo peUfoUming a lineaUiW\ anal\ViV?

USRn VXggeVWiRn fURm Whe UeYieZeU, Ze haYe added Whe VlRSe, Y-inWeUceSW, and R2 Rf Whe
fiUVW RUdeU leaVW VTXaUe fiW fRU each WeVW VenVRU againVW each WeVW YaUiable and Whe UefeUence
VenVRU. In addiWiRn, Ze haYe added Whe RMSE fRU each WeVW VenVRU WR WheiU fiW lineV.
CRnVideUing Whe imSRUWance Rf iVRlaWing Whe RWheU YaUiableV, fRU each e[SeUimenW, WheVe
Vame SaUameWeUV ZeUe alVR calcXlaWed fRU Whe RWheU enYiURnmenW YaUiableV WhaW aUe nRW
being WeVWed. ThiV Za\ Ze can eYalXaWe Whe TXaliW\ Rf Whe e[SeUimenW.

Ɣ L 79 ³[...] cUeaWing appUopUiaWe condiWionV Wo VimXlaWe UAS flighWV.́
○ IV WhiV Whe caVe foU a pUeVVXUe Uange fUom 1050 Wo 600 hPa (a4km heighW) aV

XVed in Whe MeVoneW PUeVVXUe Dependence E[peUimenW?

YeV. TheUe aUe man\ UeVeaUch WeamV WhaW SeUfRUm UAS-baVed CO2 meaVXUemenWV XS WR 2
km abRYe gURXnd leYel (AGL). In RXU SaUWicXlaU caVe, Ze SeUfRUm WheVe 2 km AGL SURfileV in
NRUman, OK (a400 m abRYe Vea leYel) and neaU BRXldeU, CO (a1,655 m ASL). The higheU
Wake-Rff alWiWXde neaU BRXldeU makeV RXU VenVRUV e[SeUience SUeVVXUeV eTXiYalenW WR a3,700
m ASL. AmRngVW WeamV ZiWh VimilaU flighW cRndiWiRnV, Ze can highlighW Whe UeVeaUcheUV aW Whe
NaWiRnal CenWeU fRU AWmRVSheUic ReVeaUch (U.S.), FinniVh MeWeRURlRgical InVWiWXWe,  MeWeR
FUance, and C\SUXV InVWiWXWe.

Ɣ L 87 ³[...] WhiV aUWicle conVideUed onl\ Whe CO2 concenWUaWion YalXeV UepoUWed b\ each
VenVoU XniW.́



○ HoZ ZeUe Whe SenVeaiU K30-FR XniWV configXUed? Which kind of onboaUd
compenVaWionV do Whe\ alUead\ haYe and Zhich oneV ZeUe acWiYe?

DiffeUenW fURm RWheU mRUe URbXVW VenVRUV fURm SenVeaiU, Whe K30 dReV nRW RffeU
cRnfigXUaWiRn RSWiRnV WR Whe aYeUage XVeU. AccRUding WR Whe manXfacWXUeUV, Whe VenVRUV aUe
facWRU\ calibUaWed and "Uead\-WR-XVe" RXW Rf Whe bR[. The SURdXcW dRcXmenWaWiRn dReV nRW
RffeU an\ infRUmaWiRn Rn an\ RnbRaUd cRmSenVaWiRn Rf SUeVVXUe, WemSeUaWXUe, and
hXmidiW\. The Rnl\ cRmSenVaWiRn menWiRned iV WheiU ABC algRUiWhm WhaW cRmSenVaWeV dUifW:

''The defaXlW VenVRU OEM XniW iV mainWenance-fUee in nRUmal enYiURnmenWV WhankV WR Whe
bXilW-in Velf-cRUUecWing ABC algRUiWhm (aXWRmaWic baVeline cRUUecWiRn). ThiV algRUiWhm
cRnVWanWl\ keeSV WUack Rf Whe lRZeVW Ueading Rf Whe VenVRU RYeU an inWeUYal Rf 7.5 da\V, and
VlRZl\ cRUUecWV fRU an\ lRng WeUm dUifW deWecWed aV cRmSaUed WR Whe e[SecWed fUeVh aiU YalXe
Rf 400 SSm CO2."

ThURXgh WheiU deYelRSmenW kiW (RU cXVWRm VRlXWiRn) XVeUV can change Whe facWRU\ calibUaWiRn
fRU "ZERO" (aW 0 SSm) and "BACKGROUND" (aW 400 SSm), SeU dRcXmenWaWiRn. ThiV allRZV
XVeUV WR dR ]eUR and VSan calibUaWiRnV.

The K30 VenVRU dReV nRW RffeU an\ RnbRaUd SUeVVXUe, WemSeUaWXUe, RU hXmidiW\
cRmSenVaWiRn baVed Rn an aX[iliaU\ meaVXUemenW, aW leaVW nRW Rne WhaW can be WXUned ON
RU OFF. HRZeYeU, WhURXgh SeUVRnal cRUUeVSRndence and cRnfeUence callV ZiWh BakhUam
Ga\nXllin (SenVeAiU EngineeU and cR-aXWhRU Rf AU]RXmanian eW. al 2019) and CaUl BengWVVRn
(CTO Rf SenVeaiU USA and EngineeU Rn Whe K30 SURWRW\Se), iW ZaV fRXnd WhaW Whe VenVRU
XVeV a SURSUieWaU\ algRUiWhm leYeUing Whe lRngeU lighW SaWh and facWRU\ calibUaWiRn WR UedXce
eUURUV aVVRciaWed ZiWh Whe SUR[imiW\ Rf WaWeU VaSRU and CaUbRn DiR[ide in ZaYe-lengWh.
AddiWiRnall\, iW ZaV fRXnd WhaW Whe WemSeUaWXUe Rf Whe VenVRU'V lighW VRXUce iV mRniWRUed
dXUing meaVXUemenWV. CRUUecWiRnV baVed Rn WhiV meaVXUemenW aUe XnknRZn WR Whe SXblic.

NRne Rf Whe abRYe-menWiRned chaUacWeUiVWicV aUe aYailable aV cRnfigXUaWiRn RSWiRnV fRU Whe
aYeUage XVeU. TheUefRUe, Whe VenVRUV ZeUe WUeaWed aV a "black bR[" XndeU facWRU\ VeWWingV
and calibUaWiRnV.

Ɣ Li-840A WempeUaWXUe independence
○ PleaVe check \oXU aVVXmpWionV heUe, aV Whe manXal pUoYideV a WoWal dUifW of

Whe LicoU of 0.4 ppm/�C. FoU Whe WempeUaWXUe Uange of 10 Wo 40C, WhiV ZoXld
eTXaWe Wo a dUifW of 12ppm, foU 20 Wo 40C, a dUifW of 8ppm.

The Li-840A and Li-820 haYe inWeUnal heaWeUV WhaW eleYaWe WheiU VamSling chambeUV WR a
WemSeUaWXUe Rf a51 �C (UeSRUWed in Whe diVcXVViRn VXSSlemenW VXbmiWWed ZiWh WhiV
UeVSRnVe), Zhich iV abRYe Whe WemSeUaWXUeV WeVWed in RXU e[SeUimenWV (ma[:a40 �C). ThiV
chaUacWeUiVWic eliminaWeV WheiU deSendence ZiWhin Whe Uange WeVWed. TheVe aVVXmSWiRnV aUe
YalidaWed b\ Whe neZ SlRWV and WableV fRU e[SeUimenWal cRndiWiRnV (e.g., diVcXVViRn
VXSSlemenW figXUe 14 and Wable 13) and Whe UeVXlWV fURm Whe meVRneW UXnV 2 and 3 (e.g.
diVcXVViRn VXSSlemenW WableV 14 and 20, and figXUeV 14, 15, 20, and 21). In addiWiRn, Whe
diVcXVViRn VXSSlemenW WableV 15 and 21 VhRZ Whe VlRSe, \-inWeUceSW, R2, and RMSE fRU Whe
Li-840A againVW SUeVVXUe, WemSeUaWXUe, UelaWiYe hXmidiW\, and Ref_OUT meaVXUemenWV



dXUing meVRneW WemSeUaWXUe e[SeUimenWV 2 and 3. CRmSaUing Whe R2 eVWimaWeV fRU
WemSeUaWXUe and Ref_OUT (a.k.a. Whe Li-820), Ze can cRnclXde WhaW WemSeUaWXUe
meaVXUemenWV aUe aSSUR[imaWel\ eTXal RU ZRUVe aW SUedicWing Whe behaYiRU Rf Whe Li-840A.

BeVideV RXU anal\ViV, Ze alVR fRUZaUded WhiV TXeVWiRn WR Li-cRU'V Wechnical VXSSRUW Weam. The
anVZeU UeceiYed ZaV Whe fRllRZing:

"Thank \RX fRU \RXU email. If Whe heaWeU iV WXUned Rn, \RX VhRXld nRW Vee an\ VignificanW
dUifW in Whe UeVSRnVe RYeU Whe enWiUe VSecified Uange Rf Whe LI-840A."

Ɣ RefeUence VenVoU deplo\menW
○ Wh\ did \oX chooVe Wo VeWXp Whe 840A inVide Whe chambeU and Whe 820

oXWVide? WaV WhiV an aUbiWUaU\ choice?

The Li-840A iV a CO2 and H20 gaV anal\]eU and iW iV cRnVideUed WR be indeSendenW Rf
WemSeUaWXUe and hXmidiW\ changeV in Whe Wime-Vcale Rf hRXUV, ZiWhin Whe WemSeUaWXUe and
RH UangeV WeVWed. The Li-820 iV Rnl\ a CO2 anal\]eU and dReV nRW haYe an\ hXmidiW\
meaVXUemenW fRU acWiYe cRmSenVaWiRn. BRWh Whe Li-840A and Whe Li-820 haYe acWiYe
SUeVVXUe cRmSenVaWiRn. The MeVRneW CalibUaWiRn LabRUaWRU\ iV an aiU-cRndiWiRned URRm WhaW
dReV nRW e[SeUience high leYelV Rf hXmidiW\. FRU WhiV UeaVRn, Whe Li-840a ZaV XVed aV a
UefeUence VenVRU inVide Whe WeVW chambeU ZheUe hXmidiW\ ZaV e[SecWed WR YaU\ and Whe
Li-820 ZaV XVed aV a UefeUence RXWVide Whe WeVW chambeU WR chaUacWeUi]e CO2 changeV in Whe
labRUaWRU\. ThiV UeaVRning ZaV added WR Whe e[SeUimenW'V deVcUiSWiRn in Whe UeYiVed
manXVcUiSW.

Ɣ MeVoneW TempeUaWXUe Dependence E[peUimenW
○ Wh\ iV Whe daWa Uange foU CO2 160 Wo 320 ppm? TheVe meaVXUemenWV don¶W

Veem Wo be UealiVWic.

ThiV cRnVideUable UedXcWiRn in CO2 cRncenWUaWiRn iV caXVed b\ Whe ThXndeU ScienWific 2500
chambeU, XVed in Whe e[SeUimenWV. FigXUe 1 in Whe diVcXVViRn VXSSlemenW VhRZV Whe UaZ
SSm YalXeV fRU Whe Li-840A (Ref_IN), Whe Li-820 (Ref_OUT), and fRXU K30 VenVRUV, befRUe,
dXUing, and afWeU Whe VecRnd UXn Rf Whe meVRneW WemS/RH e[SeUimenWV. In WhiV figXUe, iW iV
SRVVible WR Vee Whe Ref_IN and all fRXU K30 VenVRUV dURS WheiU UeSRUWed YalXeV fURm a500
SSm WR a250 SSm afWeU Whe VWaUW Rf Whe e[SeUimenW, and UeWXUn WR a450 SSm afWeU Whe
e[SeUimenW endV. In Whe Vame figXUe, Ze can Vee Whe RXWVide UefeUence iV nRW affecWed. The
daWa in figXUe 2 and Wable 1, VhRZ WhaW nRne Rf Whe SUeVVXUe VenVRUV YaUied gUeaWl\ (all
VenVRUV VhRZ a VWandaUd deYiaWiRn Rf aSSUR[imaWel\ 106 Pa). The daWa alVR VhRZV WhiV effecW
haSSenV befRUe laUge WemSeUaWXUe and hXmidiW\ changeV and iV alVR Veen Rn Whe Ref_IN
cRnWURl VenVRU (Zhich iV indeSendenW Rf WemSeUaWXUe and hXmidiW\ changeV in Whe WeVW
UangeV).

LRRking aW Whe dRcXmenWaWiRn Rf Whe ThXndeU ScienWific 2500 chambeU, WheUe iV menWiRn Rf
Whe XVe Rf NiWURgen WR cRnWURl SUeVVXUe, WemSeUaWXUe, and hXmidiW\. HRZeYeU, Whe chambeU
aW Whe MeVRneW CalibUaWiRn LabRUaWRU\ dReV nRW XVe WhiV feaWXUe. In WheiU cRnfigXUaWiRn, Whe
chambeU XVeV ZaWeU, a VeUieV Rf cRmSUeVVRUV, and SUe-chambeUV WR geneUaWe VWandaUd WeVW
cRndiWiRnV. MRUe infRUmaWiRn abRXW Whe inneU ZRUkingV Rf WhiV chambeU can be fRXnd aW



hWWSV://ZZZ.WhXndeUVcienWific.cRm/hXmidiW\_eTXiSmenW/mRdel_2500.hWml. AfWeU RXU
WhRURXgh UeYieZ Rf Whe dRcXmenWaWiRn, iW ZaV nRW cleaU Whe e[acW VRXUce Rf WhiV effecW.
NeYeUWheleVV, iW iV aSSaUenW Zhen anal\]ing Whe daWa WhaW WhiV effecW haV a neaU-cRnVWanW
behaYiRU WhURXghRXW Whe e[SeUimenWV. TheUefRUe, an RffVeW cRUUecWiRn can be aSSlied ZiWhRXW
lRVV Rf geneUaliW\.

○ If \oX conVideU Whe independenW VenVoUV Wo be acWXall\ independenW fUom
enYiUonmenWal facWoUV, Zh\ don¶W \oX XVe WhoVe Wo coUUecW foU e[WeUnal
diVWXUbanceV? Anal\]ing Whe diffeUence beWZeen Whe WeVW VenVoUV and Whe
independenW VenVoU foU WempeUaWXUe dependencieV ZoXld, When, \ield moUe
UobXVW UeVXlWV.

We agUee ZiWh Whe UeYieZeU. We can XVe Whe UefeUence VenVRUV WR cRUUecW Whe daWa. In
facW, WhaW iV ZhaW Ze did in Whe VXbmiWWed manXVcUiSW. HRZeYeU, Ze did nRW dR a gRRd jRb
e[Slaining RXU chRice WR bUing all daWa WR Whe leYel Rf Whe Ref_IN VenVRU (Li-840A). ThiV
deciViRn ZaV baVed Rn Whe URbXVWneVV Rf Whe Li-840A Zhen cRmSaUed WR Whe Li-820
(Ref_OUT), and RXU ZiVh WR anal\]e Whe daWa aW Whe UelaWiYe UefeUence SRinW Rf Whe chambeU
enYiURnmenW. In hindVighW, Ze XndeUVWand hRZ Whe XnUealiVWic daWa SUeVenWed ZiWh a lack Rf
an e[SlanaWiRn ZRXld cRnfXVe UeadeUV.

FigXUe 3 Rf Whe diVcXVViRn VXSSlemenW illXVWUaWeV Whe imSacW Rf WheVe WZR diffeUenW cRUUecWiRn
VWUaWegieV. In Whe lefW Sanel, Whe UeVXlW Rf cRUUecWing Whe daWa WR Whe Ref_IN VenVRU, and in
Whe UighW Sanel Whe UeVXlW Rf cRUUecWing Whe daWa WR Whe Ref_OUT VenVRU.

TR addUeVV WhiV iVVXe Ze XVed Whe 60 minXWeV SUiRU WR Whe e[SeUimenW (e.g., fURm 02:00 WR
03:00 in figXUeV 1 and 2) ZheUe Whe cRndiWiRnV aUe VWable, WR find an aYeUage RffVeW fRU each
VenVRU WR Whe Ref_OUT VenVRU. ThiV RffVeW ZaV When aSSlied WR Whe enWiUe Wime VeUieV. An
e[SlanaWiRn Rf WhiV VWUaWeg\ ZaV alVR added in Whe UeYiVed manXVcUiSW.

We haYe added SlRWV and WableV in Whe diVcXVViRn VXSSlemenW VhRZing inWeUcRmSaUiVRnV
beWZeen Whe UefeUence and WeVW VenVRUV, befRUe and afWeU each meVRneW e[SeUimenW. TheVe
cRmSaUiVRnV VXSSRUW RXU VWUaWeg\ WR XVe Whe Ref_OUT VenVRU WR cRUUecW Whe daWa fURm Whe
meVRneW e[SeUimenWV. In WheVe SlRWV, Whe CO2 cRncenWUaWiRn meaVXUed b\ Whe AWmRVSheUic
RadiaWiRn MeaVXUemenW - SRXWheUn GUeaW PlainV (ARM SGP) UefeUence WRZeU ZaV added WR
VhRZ WheVe aUe UeaVRnable aWmRVSheUic YalXeV fRU OklahRma. We XQdeUVWaQd WKe
dLVWaQce beWZeeQ NRUPaQ aQd WKe ARM-SGP WRZeU dReV QRW aOORZ IRU a dLUecW
cRPSaULVRQ RI WKe daWa. NeYeUWheleVV, iW iV SUeVenWed heUe WR demRnVWUaWe WR Whe
UeYieZeUV WhaW Whe WZR UefeUence VenVRUV ZeUe meaVXUing YalXeV ZiWhin UeaVRnable
e[SecWaWiRnV. A YeUViRn Rf WheVe addiWiRnal SlRWV and WableV ZiWh baVic VWaWiVWical meWUicV
(ZiWhRXW Whe ARM-SGP daWa), ZaV added WR Whe UeYiVed manXVcUiSW VXSSlemenW.

○ AV \oX peUfoUmed Whe pUeVVXUe e[peUimenW alUead\ 9 da\V befoUe Whe
WempeUaWXUe e[peUimenWV, Whe high pUeVVXUe dependence ZaV alUead\ knoZn.
Did \oX peUfoUm an\ pUeVVXUe meaVXUemenWV dXUing Whe WempeUaWXUe
e[peUimenW Wo diVenWangle Whe inflXence of Whe ambienW pUeVVXUe changeV

https://www.thunderscientific.com/humidity_equipment/model_2500.html


fUom Whe WempeUaWXUe changeV? OU did \oX aVVeVV Whe poVVible effecW Whe
pUeVVXUe dependence mighW haYe on Whe meaVXUemenWV?

We did meaVXUe SUeVVXUe dXUing Whe WemSeUaWXUe and hXmidiW\ e[SeUimenWV. HRZeYeU, Ze
did nRW deem Whe daWa fURm Whe meVRneW SUeVVXUe e[SeUimenW gRRd enRXgh WR deWeUmine
cRUUecWiRn cRefficienWV. The main UeaVRn fRU WhiV deciViRn iV Whe laUge CO2 flXcWXaWiRn in Whe
URRm dXUing Whe SUeVVXUe e[SeUimenW.  TheUefRUe, Whe cRefficienWV ZeUe Rnl\ deWeUmined
mXch laWeU dXUing Whe bench e[SeUimenWV. NRneWheleVV, ZiWhin RXU deciViRn WR UeSeaW Whe
meVRneW WemSeUaWXUe and hXmidiW\ e[SeUimenWV Ze ZeUe able WR achieYe cRndiWiRnV ZheUe
Whe SUeVVXUe meaVXUemenWV VhRZed leVV Whan 140 Pa in VWandaUd deYiaWiRn (acURVV all
SUeVVXUe VenVRUV, acURVV all WemS and RH e[SeUimenWV). CRnVideUing Whe Vmall SUeVVXUe
deYiaWiRn, Ze chRVe nRW WR aSSl\ a SUeVVXUe cRUUecWiRn aV iW cRXld inWURdXce XnceUWainW\ in
RXU anal\ViV Rf Whe imSacW Rf WemSeUaWXUe and hXmidiW\. TR miWigaWe RXU chRice WR nRW
cRUUecW, Ze added Whe VlRSe, Y-inWeUceSW, R2, and RMSE WR SUeVVXUe fRU all VenVRUV, fRU all
e[SeUimenWV Rn Whe UeYiVed manXVcUiSW.

○ Did \oX meaVXUe Whe WempeUaWXUe aW Whe e[WeUnal independenW VenVoU? Did
\oX pUeclXde an\ WempeUaWXUe inWeUfeUence heUe?

The Rnl\ WemSeUaWXUe meaVXUed RXWVide Whe WeVW chambeU ZaV Whe WemSeUaWXUe Rf Whe
e[WeUnal UefeUence'V RSWical chambeU, Zhich VWa\ed aURXnd 50 �C. AV VhRZn in Whe
e[SeUimenWal cRndiWiRnV SlRW and Wable fRU each e[SeUimenW. AW WhiV SRinW, Ze belieYe Whe
e[WeUnal inWeUfeUence ZaV an acWXal incUeaVe Rf CO2 in Whe lab dXe WR Whe SUeVence Rf
meVRneW WechnicianV and bXilding VecXUiW\ SeUVRnnel. The UeSeaWed e[SeUimenWV ZeUe
SeUfRUmed RYeUnighW WR eliminaWe WhiV inWeUfeUence. The UeVXlWV Rf WhiV VWUaWeg\ can be
nRWiced in Whe e[SeUimenWal cRndiWiRnV Wable fRU each UXn (e.g., Wable 11 Rf Whe diVcXVViRn
VXSSlemenW VhRZV Whe VecRnd WemSeUaWXUe e[SeUimenW had VWandaUd deYiaWiRnV Rf < 30 Pa,
acURVV all VenVRUV, 1.23 %RH inVide Whe chambeU, and 3.69 CO2 SSm RXWVide Whe chambeU).

○ QXanWificaWion:
■ AV one of Whe majoU VoXUceV of WempeUaWXUe dependence in NDIR

VpecWUomeWeUV iV a change in opWicV pUopeUWieV, did \oX conVideU
Wime-lagV in incUeaVing VenVoU Ueading?

The effecWV Rf YaUiaWiRn in CO2 in Whe labRUaWRU\ dXUing Whe fiUVW meVRneW e[SeUimenWV ZeUe
VR laUge (e.g., VWd 45.14 SSm dXUing Whe fiUVW WemSeUaWXUe e[SeUimenW) WhaW iW became WRR
haUd WR VeSaUaWe Whe imSacW Rf Whe enYiURnmenWal YaUiableV Rn Whe WeVW VenVRUV. BaVed Rn
Whe UeYieZeU'V cRmmenWV Whe meVRneW e[SeUimenWV ZeUe UeSeaWed. HRZeYeU, Whe ThXndeU
ScienWific chambeU iV limiWed WR SURdXcing WemSeUaWXUe and UelaWiYe hXmidiW\ changeV in Whe
RUdeU Rf WenV Rf minXWeV. Since Ze UedXce Whe dZell SeUiRd Rf each VWeS (fRllRZing
UecRmmendaWiRnV fURm UeYieZeU #2), Ze belieYe WhaW RXU daWa VeW dReV nRW VXSSRUW WhiV
W\Se Rf VWXd\.

NRneWheleVV, RXU daWa can VXSSRUW Whe imSRUWance Rf a fXWXUe VWXd\ WR eYalXaWe Whe SRWenWial
imSacW Rf WhiV NDIR WemSeUaWXUe Wime-lag effecW in UAS-baVed meaVXUemenWV. OXU UeVXlWV
VhRZ WhaW Ze ZeUe nRW able WR SURdXce a diVWingXiVhable WemSeUaWXUe UeVSRnVe ZiWhin 3
minXWeV (dXUing Whe bench WemSeUaWXUe e[SeUimenWV). HRZeYeU, Whe meVRneW e[SeUimenWV



did VhRZ a WemSeUaWXUe-indXced UeSRUWed cRncenWUaWiRn incUeaVe ZiWhin 15 minXWeV RU leVV.
CRnVideUing a W\Sical UAS YeUWical aWmRVSheUic SURfile ZiWh a 3 m/V aVcenW UaWe, a cRnWinXRXV
aVcenW WR 1500 m WakeV abRXW 8 minXWeV. In gaV VamSling flighWV dXe WR VlRZeU VenVRU
UeVSRnVeV and SUeVVXUe iVVXeV, Whe Vame W\Se Rf YeUWical aWmRVSheUic SURfile inclXdeV
hRUi]RnWal WUanVecWV aW SUedeWeUmined alWiWXdeV and can Wake abRXW 27 minXWeV. TheUefRUe,
VXch a VWXd\ ZRXld ceUWainl\ be Rf inWeUeVW WR Whe cRmmXniW\.

■ FoU Zhich Wime peUiodV did \oX calcXlaWe Whe coUUelaWion coefficienWV
beWZeen VenVoU Ueading and WempeUaWXUe? If WheVe ZeUe Whe acWXal
WUanViWionV, WhiV mighW be pUoblemaWic becaXVe of Wime-lag,
non-lineaUiWieV oU maWeUial effecWV.

The cRUUelaWiRn cRefficienWV ZeUe calcXlaWed fRU Whe enWiUe e[SeUimenW and laWeU Rnl\ fRU Whe
acWXal WUanViWiRn inWeUYalV (bRWh VhRZn in Whe RUiginal manXVcUiSW). The WUanViWiRn inWeUYal in
WhRVe e[SeUimenWV ZaV aSSUR[imaWel\ 25 minXWeV. TheUefRUe, XVing WhiV WUanViWiRn inWeUYal
ZRXld Rnl\ be a SURblem if Whe SRWenWial Wime-lag iVVXeV RccXUUed Rn a lRngeU Wime Vcale. If
WhiV ZaV Whe caVe, WheVe effecWV mighW nRW eYen manifeVW in Whe Wime VcaleV Rf W\Sical UAS
flighWV (Vee flighW dXUaWiRn e[SlanaWiRn abRYe). ThXV, Ze belieYe XVing WhiV UelaWiYel\ VlRZ
25-minXWe WUanViWiRn inWeUYal ZaV nRW a SURblem. In facW, Ze adRSWed iW WR UedXce Whe imSacW
Rf Whe e[WeUnal changeV in CO2 cRncenWUaWiRn and WR inYeVWigaWe Whe imSacW Rf WemSeUaWXUe.
NRneWheleVV, WhiV SURblem ZaV miWigaWed b\ UeSeaWing Whe meVRneW e[SeUimenWV XndeU mRUe
cRnWURlled cRndiWiRnV. All R2 YalXeV VhRZn in Whe diVcXVViRn VXSSlemenW aUe calcXlaWed fRU
Whe enWiUe Wime VeUieV.

■ AfWeU idenWif\ing an e[WeUnal inWeUfeUence in \oXU meaVXUemenWV, iW
VeemV Wo me like \oX VhoXld noW be able Wo dUaZ conclXVionV aboXW a
VenVoU WempeUaWXUe dependence ZiWhoXW EITHER: diVcaUding Whe daWa
and UepeaWing Whe e[peUimenW ZiWhoXW WhiV VoXUce of inWeUfeUence (eYen
Ga\nXllin, 2016 Va\V WhaW an ³[a]bVolXWe eliminaWion of conWaminaWing
leakageV fUom ambienW aiU´ mXVW be pUoYided ³Wo pUoYide a Ueliable WeVW
enYiUonmenW´) OR: WUeaWing Whe inWeUfeUence b\ e.g. anal\Ving Whe
diffeUence in UeadingV beWZeen Whe LicoU and K30 VenVoUV (XndeU Whe
aVVXmpWion WhaW Whe LicoU UeadingV aUe independenW of WempeUaWXUe,
Zhich haV Wo be pUoYen giYen iWV deVign VpecificaWionV ± cf. aboYe)

AV menWiRned abRYe, Whe e[SeUimenWV ZeUe UeSeaWed WZR mRUe WimeV and Whe neZ UeVXlWV
aUe SUeVenWed in Whe diVcXVViRn VXSSlemenW aWWached.

Ɣ BenchWop TempeUaWXUe Dependence E[peUimenW
○ CO2 UeadingV Veem Wo decUeaVe aW Whe beginning of Whe e[peUimenW. Did \oX

enVXUe Whe e[peUimenW ZaV in a VWead\ VWaWe ZiWh UeVpecW Wo CO2?

We agUee. The CO2 UeSRUWed b\ all WhUee VenVRUV SUeVenWV a decUeaVing WUend befRUe Whe
WemSeUaWXUe change RccXUV. HRZeYeU, in a mRUe TXanWiWaWiYe anal\ViV, Ze can VhRZ Whe
UefeUence VenVRU and Whe WeVW VenVRU 1 SUeVenW a change VmalleU Whan 3 SSm dXUing Whe 90



VecRndV befRUe Whe WemSeUaWXUe change. AlWhRXgh 90 VecRndV can be cRnVideUed a Vmall
VWabili]aWiRn SeUiRd fRU a CO2 VenVRU, iW UeSUeVenWV 50% Rf Whe WRWal dXUaWiRn Rf Whe
WemSeUaWXUe change. Again, Ze agUee iW iV nRW an ideal WeVWing cRndiWiRn, bXW XnfRUWXnaWel\,
iW iV Whe limiWaWiRn Rf WhiV lRZ-cRVW WeVWbench VeWXS. NRneWheleVV, Ze haYe UeYiVed Whe
manXVcUiSW WR highlighW WhiV e[SeUimenWal limiWaWiRn and haYe limiWed Whe inWeUSUeWaWiRn Rf
Whe UeVXlWV. We alVR added WR Whe diVcXVViRn VXSSlemenW a UeSeWiWiRn Rf WhiV e[SeUimenW in
VlighWl\ mRUe VWable cRndiWiRnV (figXUe 35).

○ L130/131 ³EYen WhoXgh WheUe iV a VlighW 10 ppm incUeaVe [...], iW occXUV a fXll
minXWe afWeU Whe WempeUaWXUe iV bUoXghW back neaU iWV oUiginal VWaWe.́

■ Again, mighW WhiV be dXe Wo Whe WempeUaWXUe UeVponVe Wime of
opWicV/elecWUonicV, a laUge mi[ing YolXme oU eYen Vome dUifW in
WimeVWampV of Whe UecoUding PC (eVpeciall\ Vince WhiV e[peUimenW ZaV
condXcWed 18 monWhV afWeU Whe oWheU oneV)? If WhiV ZeUe Whe caVe, Whe
incUeaVe in Vignal ZoXld fiW YeU\ Zell ZiWh Whe e[pecWed one of Whe LicoU
dXe Wo WempeUaWXUe dUifW, Zhich iV 8ppm (cf. aboYe).

■ WheUe ZaV Whe WempeUaWXUe meaVXUed? WaV Whe poVVibiliW\ of a
Wime-lag beWZeen WempeUaWXUe meaVXUemenW and VenVoU meaVXUemenW
of an aiU paUcel e[clXded?

AV demRnVWUaWed SUeYiRXVl\ Whe UefeUence VenVRU (Li-840A) can be cRnVideUed
indeSendenW Rf WemSeUaWXUe ZiWhin Whe WeVWed UangeV. TheUefRUe, Ze aVVXme Whe
UeSRUWed 10 SSm incUeaVe WR be an acWXal incUeaVe in CO2 dXUing Whe e[SeUimenW.

RegaUding Whe WemSeUaWXUe meaVXUemenWV, Whe diaShUagm SXmS inWakeV fRU Whe CO2

VenVRUV (Rne fRU Whe UefeUence VenVRU and Rne fRU Whe WZR WeVW VenVRUV) ZeUe Slaced
immediaWel\ afWeU WhUee PT-100 bead WheUmiVWRUV (10 H] VamSling, 1 H] Wime
UeVSRnVe, VRld and calibUaWed b\ InWeUMeW S\VWemV), and WhUee IST HYT-271
caSaciWiYe h\gURmeWeUV (10 H] VamSling, 4-VecRnd RH Wime UeVSRnVe, and 5-VecRnd
TemSeUaWXUe Wime UeVSRnVe). The WemSeUaWXUe VhRZn in Whe RUiginal manXVcUiSW iV an
aYeUage Rf Whe WemSeUaWXUe Rf Whe 3 WheUmiVWRUV.

RegaUding an\ Wime VhifWV aVVRciaWed ZiWh Whe daWa lRggeUV, Ze can RffeU Whe
fRllRZing infRUmaWiRn:

- BRWh K30 VenVRUV, Whe WhUee WheUmiVWRUV, and Whe WhUee h\gURmeWeUV VhaUe
Whe Vame lRgging V\VWem.

- The UefeUence CO2 VenVRU ZaV lRgged VeSaUaWel\.

TheUefRUe, if an\ lRgging-UelaWed iVVXe manifeVWed iWVelf in Whe daWa, VXch an iVVXe
cRXld Rnl\ RccXU beWZeen Whe WeVW VenVRUV and Whe UefeUence VenVRUV, and nRW
beWZeen Whe WeVW VenVRUV and Whe WemSeUaWXUe VenVRUV. AlWhRXgh a Wime lag iVVXe Rn
Whe daWa VeemV an Xnlikel\ e[SlanaWiRn fRU Whe UeVXlW, an acWXal WemSeUaWXUe
Wime-UeVSRnVe behaYiRU Rn Whe K30 cannRW be UXled RXW ZiWh Whe aYailable daWa VeW.
In lighW Rf Whe UeVXlWV fURm Whe UeSeaWed meVRneW e[SeUimenWV and XSRn fXUWheU
anal\ViV Rf Whe bench daWa, iW VeemV mRUe likel\ WhaW an\ WemSeUaWXUe imSacWV Rn Whe



K30V ZeUe RbfXVcaWed b\ Whe incUeaVe in CO2 dXUing Whe e[SeUimenW. TheUefRUe, Ze
UeYiVed Whe manXVcUiSW and limiWed Whe inWeUSUeWaWiRn Rf Whe bench e[SeUimenWV WR
indicaWe a SRWenWial Wime-Vcale WemSeUaWXUe-imSacW limiWaWiRn.

○ Since WhiV e[peUimenW doeV noW conWUol RH, iW iV difficXlW Wo XVe WhiV foU a
impacW anal\ViV iVolaWing Whe enYiUonmenWal paUameWeUV, Zhich iV Whe VWaWed
aim of Whe papeU. ThiV ZoXld need Vome fXUWheU jXVWificaWion leYeUaging
meaVXUed RH YalXeV dXUing Whe e[peUimenW.

We agUee ZiWh Whe UeYieZeU. We haYe limiWed Whe SUeYiRXV inWeUSUeWaWiRn Rf WhiV
UeVXlW aV a UaSid change e[SeUimenW (emXlaWing mRUe UealiVWic cRndiWiRnV
encRXnWeUed dXUing UAS meaVXUemenWV, aV SRinWed RXW b\ UeYieZeU #2) ZiWh limiWed
cRnclXViRnV UegaUding Whe Wime VcaleV Rf a WemSeUaWXUe-indXced UeVSRnVe.

AV menWiRned SUeYiRXVl\, Ze haYe added Whe SlRWV and baVic VWaWiVWicV (min, ma[,
aYg, and VWd) fRU all WhUee enYiURnmenWal YaUiableV dXUing all e[SeUimenWV, aV Zell aV
a cRmSaUiVRn Rf Whe VlRSe, R2, and RMSE beWZeen Whe WeVW VenVRUV and Whe nRn-WeVW
YaUiableV. In WhiV e[SeUimenW, RH YaUied beWZeen 19 and 42 %RH (Vee diVcXVViRn
VXSSlemenW figXUe 28 and Wable 27).

We aUe cXUUenWl\ ZRUking Rn an anal\ViV ZiWh Whe RH meaVXUemenWV and a
cRmSaUiVRn WR Whe meVRneW daWa VeW (a SaUWicXlaU VecWiRn Rf Whe Wime VeUieV, beWZeen
Whe WemSeUaWXUe and UelaWiYe hXmidiW\ e[SeUimenWV, ZheUe bRWh YaUiableV change
WRgeWheU). If VXcceVVfXl WhiV UeVXlW ma\ VeUYe aV a cRmSaUiVRn WR RWheU nRn-iVRlaWed
VWXdieV ZiWh Whe diVWincWiRn Rf Whe mRUe UAS-aSSURSUiaWe Wime VcaleV.

Ɣ MeVoneW RelaWiYe HXmidiW\ Dependence E[peUimenW
○ The Vame commenW UegaUding Whe e[WeUnal inWeUfeUence applieV heUe (cf.

MeVoneW TempeUaWXUe Dependence E[peUimenW).
○ The Vame commenW UegaUding Whe CO2 daWa Uange (120-300 ppm) applieV

heUe (cf. MeVoneW TempeUaWXUe Dependence E[peUimenW).

AnVZeUed aW Whe "cf. MeVRneW TemSeUaWXUe DeSendence E[SeUimenW".

Ɣ BenchWop RelaWiYe HXmidiW\ Dependence E[peUimenW
○ DeWailV of Whe hXmid aiU VoXUce aUe miVVing ± iV iW gXaUanWeed WhaW

WempeUaWXUe VWa\V conVWanW and onl\ RH incUeaVeV?

The hXmidiW\ VRXUce ZaV a manXal ZaWeU VSUa\. DXUing WhiV e[SeUimenW, Whe
minimXm WemSeUaWXUe ZaV 22.30 and Whe ma[imXm ZaV 25.33 �C. The aYeUage ZaV 23.75
ZiWh a 1.02 �C VWandaUd deYiaWiRn.

Ɣ L 188/189 ³Whe coUUecWion needV Wo be baVed on Whe YaUiaWion magniWXde fUom Whe
iniWial VWaWe´



○ Can \oX pUoYide Vome ph\Vical jXVWificaWion foU WhiV aVVeUWion? ThiV iV noW
diVcXVVed foU WempeUaWXUe oU hXmidiW\ and Wo m\ knoZledge, iW iV noW
common pUacWice.

The highlighWed aVVeUWiRn UefeUV WR Whe SUeVVXUe cRUUecWiRn meWhRd NOT a WemSeUaWXUe Rf
UelaWiYe hXmidiW\ cRUUecWiRn. The aVVeUWiRn VeUYeV Rnl\ WR ZaUn Whe UeadeU abRXW RXU
aVVXmSWiRn Rf Whe lineaUiW\ Rf SUeVVXUe'V imSacW Rn Whe K30 beWZeen Vea leYel and Whe WeVW
UangeV. We VWaWed iW becaXVe Ze XVed ambienW SUeVVXUe aV iniWial SUeVVXUe (P0) in Whe
eTXaWiRn SURYided in Ga\nXllin eW al. (2016) inVWead Rf Vea-leYel SUeVVXUe. AV VWaWed, Ze
belieYe Whe aVVXmSWiRn iV VXSSRUWed b\ Whe UeVXlWV Rf Whe meVRneW SUeVVXUe e[SeUimenW
(cRUUelaWiRn cRefficienW Rf 0.98 fRU bRWh VenVRUV in Whe Uange fURm 60000 WR 105000 Pa).

Ɣ L 202 ³The UeVXlWV demonVWUaWe foXU inVWanceV [...]´
○ WheUe WheUe fXUWheU inVWanceV ZheUe WhiV meWhod ZaV applied XnVXcceVVfXll\?

TheUe ZeUe Rnl\ WheVe fRXU WeVWV, ZiWh WZR VenVRUV each fRU a WRWal Rf 8 VXcceVVfXl
aSSlicaWiRnV Rf Whe meWhRd. The manXVcUiSW ZaV adjXVWed WR make Whe We[W cleaUeU.

○ IV WhiV a UobXVW meWhod ZiWh UeVpecW Wo e.g. Wime and WempeUaWXUe?

The meWhRd ZaV nRW WeVWed fRU eiWheU Wime RU WemSeUaWXUe cRUUecWiRnV.

Ɣ Fig 12: ThiV dependence VeemV YeU\ lineaU, almoVW aV if iW ZeUe folloZing Whe ideal
gaV laZ.

○ Again, pleaVe add Vome commenWV UegaUding pUeVVXUe coUUecWion being
enabled oU diVabled in Whe SenVeaiU K30 XniWV.

AV menWiRned SUeYiRXVl\, Whe K30 dReV nRW haYe an RnbRaUd SUeVVXUe VenVRU RU a
cRnfigXUaWiRn fRU RnbRaUd SUeVVXUe cRUUecWiRnV. The lineaUiW\ fRXnd VeemV WR be in
accRUdance ZiWh Whe UeVXlWV SUeVenWed b\ MaUWin eW al. (2017) and Whe UeVXlWV fRU Whe HPP3.1
VenVRUV in AU]RXmanian eW. al. (2019). The cRnWUibXWiRn Rf WhiV SaSeU UegaUding Whe SUeVVXUe
cRUUecWiRn ZaV WR demRnVWUaWe WhaW cRefficienWV RbWained ZiWh a lRZ-cRVW WeVW enYiURnmenW
ZiWhRXW WUaceable caniVWeUV (bench VeWXS) can SURdXce VaWiVfacWRU\ UeVXlWV.

Ɣ Fig 13: TheUe VeemV Wo be Vome kind of change of pUeVVXUe dependence ZiWh Wime
(VimilaU Wo h\VWeUeViV effecW)

○ WaV WhiV anal\Ved fXUWheU?
○ CoXld WhiV be caXVed b\ Whe laUge pUeVVXUe Uange?

The deYiaWiRn Rf Whe VenVRUV' behaYiRU beWZeen Whe WhUee diVWincW lineV Rn Whe lefW SanelV Rf
figXUe 13 (RUiginal manXVcUiSW) VeemV WR be aVVRciaWed ZiWh Whe changeV in CO2 in Whe URRm
dXUing Whe e[SeUimenW. DXe WR WhiV change mid e[SeUimenW, Whe Vame SUeVVXUe dReV nRW
UeWXUn Whe Vame CO2 leYel becaXVe Whe meaVXUed leYel changed. DXe WR WhiV change in
cRncenWUaWiRn, Whe meVRneW SUeVVXUe e[SeUimenW ZaV Rnl\ XVed in Whe manXVcUiSW WR
demRnVWUaWe Whe magniWXde Rf Whe SUeVVXUe imSacWV Rn Whe VenVRUV. All cRefficienW
calcXlaWiRnV ZeUe baVed Rn daWa fURm Whe bench e[SeUimenWV.



Ɣ L 211 ³BecaXVe Whe pUeVVXUe chambeU iV compleWel\ iVolaWed fUom Whe e[WeUnal
enYiUonmenW [...]´:

○ In Whe e[peUimenW befoUe, WhiV chambeU ZaV noW iVolaWed Zhich iV Zh\ \oX had
Whe oXWVide UefeUence VenVoU. In L 207/208 \oX ZUiWe ³Whe pUeVVXUe coUUecWion
e[peUimenW VeWXp [...] ZaV XVed again´ IV WhiV noW Whe Vame, non-iVolaWed
VeWXp?

The MESONET SUeVVXUe chambeU iV NOT iVRlaWed. IW XVeV WZR ThRmSVRn SXmSV WR
mRYe aiU in and RXW Rf Whe chambeU (incUeaVing and decUeaVing SUeVVXUe). TheUefRUe, figXUeV
12 and 13 (in Whe RUiginal manXVcUiSW) VhRZ Whe imSacW Rf a 50 SSm CO2 YaUiaWiRn in Whe
labRUaWRU\ Rn Whe e[SeUimenW UeVXlWV. The BENCH SUeVVXUe chambeU (UefeUUed WR in L211 and
207/208) iV cRnVideUed iVRlaWed dXUing Whe e[SeUimenW becaXVe Rnce Whe chambeU iV Vealed
Whe aiU can Rnl\ be UemRYed fURm Whe chambeU (Rnl\ lRZeUing SUeVVXUe). In WhiV caVe, if Whe
URRm CO2 changeV dXUing Whe e[SeUimenW, Whe VenVRUV inVide Whe chambeU aUe nRW affecWed
b\ iW. The SUeVVXUe and Whe SUeVVXUe Wime-UeVSRnVe cRUUecWiRnV ZeUe bRWh SeUfRUmed ZiWh
daWa fURm e[SeUimenWV XVing Whe BENCH SUeVVXUe chambeU.

Ɣ L 222/223
○ Wh\ did \oX XVe a diffeUenW daWa VoXUce foU eVWimaWing Whe e[ponenWial

coUUecWion Wime conVWanW and Whe Wime VhifW? Did \oX conVideU coUUecWing Whe
Wime VhifW fiUVW Wo When eVWimaWe Whe e[ponenWial coUUecWion Wime conVWanW fUom
WhiV coUUecWed daWa?

The e-fRlding cRUUecWiRn XVed [SUeVenWed in HRXVWRn and KeeleU (2018) and
MilRVheYich eW al. (2004)] Rnl\ WakeV inWR cRnVideUaWiRn Whe diffeUence in CO2 beWZeen Whe
cXUUenW and SUeYiRXV meaVXUemenWV, Whe Wime VWeS beWZeen Whe WZR meaVXUemenWV, and a
SUedeWeUmined cRefficienW (WaX). TheUefRUe, aSSl\ing Whe Wime-VhifW befRUe RU afWeU Whe
e-fRlding cRUUecWiRn dReV nRW \ield an\ diffeUence. CaVeV 3 and 4 ZeUe XVed WR deWeUmine Whe
cRefficienW (WaX) becaXVe Whe\ aUe eaVieU WR calcXlaWe Whe Wime Waken WR Ueach 1*WaX (63.2%
Rf Whe final VWeS change). CaVeV 1 and 2 ZeUe XVed WR calcXlaWe Whe Wime VhifW becaXVe XVing
Whe minimXm SUeVVXUe and CO2 fRU each imSXlVe iW iV eaVieU WR calcXlaWe Whe Wime VhifW. ThiV
caVe VelecWiRn eliminaWeV Whe need fRU Whe addiWiRnal deUiYaWiRn (RU inWegUaWiRn) WhaW cRXld
SRWenWiall\ inWURdXce eUURUV. PRWenWial eUURUV fURm XVing diffeUenW daWaVeWV aUe miWigaWed b\
XVing 2 VeWV in each W\Se Rf daWa VeW (i.e., caVeV 1 and 2 fRU imSXlVeV and caVeV 3 and 4 fRU
VWeS changeV).

Ɣ L 225 ³[...] an ideali]ed Vignal ZaV cUeaWed [...]³
○ HoZ did \oX cUeaWe WhiV ideali]ed Vignal? The e[peUimenWV ZiWh WhiV daWa aUe

noW VhoZn in WhiV papeU. IW ZoXld be impoUWanW Wo aW leaVW add Whem Wo Whe
VXpplemenW foU Whe Vake of docXmenWaWion and UepeaWabiliW\.

FiUVW, iW iV imSRUWanW WR nRWe WhaW Whe UefeUUed ideali]ed Vignal iV an aUWificial Vignal
ZiWh Whe SUeVVXUe eUURU bXW ZiWhRXW Whe SUeVVXUe Wime-UeVSRnVe eUURU. TheUefRUe, ideal
meanV Whe ideal imSacW Rf SUeVVXUe (ZiWhRXW SUeVVXUe Wime-UeVSRnVe eUURU). IW VeUYeV Rnl\
aV an eYalXaWRU Rf Whe SUeVVXUe Wime-UeVSRnVe algRUiWhmV. IW VhRXld nRW be XVed fRU an\
SUeVVXUe cRUUecWiRn algRUiWhmV. The ideal Vignal ZaV geneUaWed XVing Whe WimeVWamSV Rf Whe
SUeVVXUe VWeS changeV and Whe CO2 YalXeV Rf Whe K30 afWeU VWabili]aWiRn, afWeU Whe VWeS



change. A figXUe ZiWh Whe PUeVVXUe, ideal Vignal, RUiginal Vignal, and Whe cRUUecWed Vignal iV
VhRZn in VecWiRn 9, figXUe 43 Rf Whe aWWached diVcXVViRn VXSSlemenW.

○ Wh\ did \oX opW foU cUeaWing an ideali]ed Vignal UaWheU Whan appl\ing Whe
pUeVVXUe coUUecWion Wo Whe e[ponenWial and Wime VhifW coUUecWed daWa? IV Whe
pXUpoVe of Whe e[ponenWial- and Wime VhifW coUUecWion noW Wo impUoYe Whe
pUeVVXUe coUUecWion?

B\ XVing Whe ideal Vignal, Ze ZeUe able WR eYalXaWe Whe effecWiYeneVV Rf Whe SUeVVXUe
Wime-UeVSRnVe algRUiWhm, ZiWhRXW RWheU SRWenWial VRXUceV Rf eUURUV. DeWeUmining Whe
effecWiYeneVV Rf Whe SUeVVXUe Wime-UeVSRnVe algRUiWhm iV cUXcial becaXVe, in a SUeVVXUe
cRUUecWiRn algRUiWhm WhaW dReV nRW diVcaUd VamSleV neaU SUeVVXUe VWeS changeV (e.g., in a
UAS flighW XndeU cRnWinXRXV aVcenW), Whe SUeVVXUe Wime-UeVSRnVe algRUiWhm needV WR be
aSSlied befRUe Whe SUeVVXUe cRUUecWiRn algRUiWhm. OWheUZiVe, Whe SUeVVXUe cRUUecWiRn
algRUiWhm cUeaWeV RYeUcRUUecWiRnV neaU Whe SUeVVXUe VWeS changeV (aUWificiall\ incUeaVing Whe
UeSRUWed CO2 YalXe).

Ɣ L 231 ³UnfoUWXnaWel\, Whe aWWempWed coUUecWion ZaV noW aV effecWiYe on Whe gUadXal
pUeVVXUe changeV´

○ WheUe do \oX Vee a diffeUence in e[pecWed and Ueal oXWcome? Did \oX
TXanWif\ WhiV?

In RXU caVe, Whe e[SecWed ZaV Whe ideali]ed Vignal. The diffeUenceV nRWed ZeUe Whe
VRXUceV Rf Whe RMSE UeSRUWed in Whe manXVcUiSW. The\ can be Veen in Whe VWeS changeV fRU
Whe WeVW VenVRU 2, afWeU 18:26, 18:28, and 18:30 (in figXUe 34 Rf Whe diVcXVViRn VXSSlemenW
Whe e[SecWed iV Whe blXe line, Whe Ueal RXWcRme iV Whe gUa\ line, and Whe cRUUecWiRn aWWemSW iV
Whe RUange line). In WheVe e[amSleV, Whe cRUUecWed cXUYe VhRZV VmalleU eUURUV againVW Whe
RUiginal cXUYe Whan Whe ideali]ed cXUYe.

Ɣ L 234 ³Ze Uecommend UepeaWing WheVe e[peUimenWV on a beWWeU TXaliW\ chambeU´
○ Wh\ do \oX Whink Whe TXaliW\ of Whe chambeU iV deficienW? Wh\ ZoXld VmalleU

pUeVVXUe changeV help?

The BACO EngineeUing 5-GallRn VacXXm ChambeU KiW ZaV nRW deVigned fRU WhiV W\Se
Rf aSSlicaWiRn. IW UeTXiUeV an aSSUR[imaWe 2500 Pa change WR Veal iWV lid. ThiV laUge change
dReV nRW allRZ WhiV V\VWem WR be XVed WR VWXd\ Whe imSacW Rf SUeVVXUe changeV neaU Whe
gURXnd (a knRZn imSRUWanW UegiRn fRU VWXdieV Rf Whe imSacW Rf URWaU\-Zing UAS Rn VenVRUV).
The VWeS changeV SURdXced in WhiV VWXd\ ZeUe alUead\ aW Whe limiW Rf Whe V\VWem'V YacXXm
SXmS, ZheUe Whe Vmall 0.5-VecRnd SXmS acWiYaWiRn SeUiRd caXVed Whe SXmS WR leak Ril and
SURbabl\ UedXced Whe lifeVSan Rf Whe V\VWem.

Technical commenWV

Ɣ L 48 None of Whe VenVoUV aYailable in Whe maUkeW ZaV deVigned foU UAS-baVed
deplo\menW.



○ None of Whe VenVoUV aYailable Rn Whe maUkeW ZeUe deVigned foU UAS-baVed
deplo\menW.

CRUUecWed.

Ɣ Fig 1:
○ Naming Whe VenVoU ³CO2 IndependenW SenVoU´ iV miVleading aV one mighW

XndeUVWand Whe VenVoU Wo be independenW of CO2 inVWead of WempeUaWXUe. I
VXggeVW amending Whe nameV.

We agUee ZiWh Whe UeYieZeU, Whe VenVRUV ZeUe Uenamed UefeUence VenVRUV
(Ref_IN and Ref_OUT)

Ɣ Fig 2:
○ Line coloUV:

■ PleaVe conVideU chooVing coloUV Zhich haYe moUe conWUaVW. WiWhoXW
]ooming in, iW iV difficXlW Wo diffeUenWiaWe Whe lineV.

■ Wh\ do WeVW VenVoU 1 and 2 haYe diffeUenW leYelV of VaWXUaWion?
ViVXall\, iW VeemV like VenVoU 2 iV leVV impoUWanW.

We agUee ZiWh Whe UeYieZeU, Whe SlRW cRlRUV ZeUe XSdaWed in Whe UeYiVed
manXVcUiSW and diVcXVViRn VXSSlemenW XVing mRUe cRnWUaVWing cRlRU SaleWWeV (VimilaU WR
MaUWin eW al. 2017). The cRlRUV ZeUe WeVWed XVing WhiV WRRl:
hWWSV://SURjecWV.VXVielX.cRm/Yi]-SaleWWe.

○ Line W\peV:
■ IW iV difficXlW Wo Vee Whe daVhed and daVh-doWWed lineV and doXbl\ Vo Wo

diffeUenWiaWe Whe WZo. Again, ma\be UeWhink Whe figXUe la\oXW.

We agUee ZiWh Whe UeYieZeU, Whe SlRW lineV ZeUe changed WR VRlid and
cRlRUV adjXVWed (aV VhRZn in Whe diVcXVViRn VXSSlemenW).

Ɣ FigXUe 3:
○ FoU VcaWWeU ploWV beWZeen WZo CO2 UeadingV, alZa\V ploW Whe 1:1 line, aV Whe

lineaU fiW Zill be miVinWeUpUeWed YiVXall\ Wo be WhiV 1:1 coUUelaWion.
AlWeUnaWiYel\, one can alVo UeVWUicW Whe line of Whe lineaU fiW Wo Whe daWa and XVe
Whe Vame [- aV \-limiWV albeiW foU a laUgeU Vpan, enVXUing Whe 1:1 line iV aW a
45 degUee angle.

We agUee ZiWh Whe UeYieZeU and added WR Whe diVcXVViRn VXSSlemenW a UeYiVed
YeUViRn Rf Whe SlRWV.

Ɣ Fig 3, 6, 8, 10:
○ PleaVe conVideU XVing VhaUed [- aV Zell aV VhaUed \-a[eV. ThiV makeV VXch

ploWV eaVieU Wo Uead.

We aWWemSWed WR imSlemenW a YeUViRn Rf Whe UeYieZeU'V VXggeVWiRn (aYailable in Whe
diVcXVViRn VXSSlemenW). AlWhRXgh iW iV ZRUWh highlighWing WhaW Whe VcaWWeU SlRWV aUe



SUeVenWed aV a maWUi[ ZheUe URZV UeSUeVenW WeVW VenVRUV and cRlXmnV UeSUeVenW WeVW
YaUiableV (e.g., PUeVVXUe, TemSeUaWXUe, RH, and RefeUence SenVRUV). TheUefRUe, [-a[eV ma\
nRW be VhaUed beWZeen cRlXmnV (aV Whe\ ma\ UeSUeVenW diffeUenW XniWV), and Whe \-a[eV
ma\ nRW be VhaUed beWZeen URZV (alWhRXgh, in SUacWice, Whe\ aUe YeU\ VimilaU).
NeYeUWheleVV, Ze aWWemSWed WR imSlemenW WhiV VXggeVWiRn Rn Whe SlRWV beWZeen WZR CO2
UeadingV.

Ɣ Fig 16:
○ RMSEV b\ definiWion cannoW be negaWiYe

CRUUecWed.

○ PleaVe add PUeVVXUe UeadingV aV one aim of WhiV figXUe iV Wo VhoZ Whe TXaliW\
of Whe pUeVVXUe coUUecWion.

We agUee ZiWh Whe UeYieZeU, Whe change made in Whe UeYiVed manXVcUiSW.

Ɣ L 196 ³All caVeV emXlaWe a W\pical UAS-baVed CO2 YeUWical pUofile´ Did \oX mean
flighW pUofile?

EYen WhRXgh UAS-baVed aWmRVSheUic YeUWical SURfileV and hRUi]RnWal WUanVecWV
aUe Zell-knRZn flighW SaWWeUnV ZiWhin Whe ZeaWheU UAS cRmmXniW\, Ze agUee ZiWh Whe
UeYieZeU. The manXVcUiSW ZaV adjXVWed WR "UAS-baVed CO2 YeUWical VamSling flighW.

Ɣ L 196/197 ³[...] WheUe iV a dZell peUiod (in WhiV caVe, 1.5 minXWeV) Wo enVXUe VampleV
fUom Whe pUeYioXV alWiWXde aUe diVcaUded fUom Whe V\VWem afWeU a change in alWiWXde.́

○ change alWiWXde Wo pUeVVXUe oU XVe ³VimXlaWed alWiWXde´

CRUUecWed WR "VimXlaWed alWiWXde".

Ɣ L 207 ³No menWion of VXch affecW ZaV foXnd [...]´:
○ No menWion of VXch an effecW ZaV foXnd [...]

CRUUecWed

Ɣ L 233 ³FoU WhoVe Zho´
○ FoU WhoVe, fRU ZhRm

CRUUecWed

Ɣ L 257
○ PleaVe conVideU adding Whe VWaWemenWV ZiWh UegaUdV Wo long-WeUm VWabiliW\ alVo

Wo VecWion 1.1 oU 2.

We agUee ZiWh Whe UeYieZeU, Whe change made in Whe UeYiVed manXVcUiSW. A cRmmenWaU\
ZaV added WR VecWiRn 2.



ThiV docXmenW conWainV iWem-b\-iWem reVponVeV Wo Whe reYieZer'V commenWV. The reYieZer¶V
commenWV are in black, non-iWalici]ed, regXlar fonWV. AXWhor reVponVeV are in blXe, iWalici]ed
fonWV. ChangeV Wo Whe manXVcripW Zill be proYided dXring reYiVed VXbmiVVion, per
inVWrXcWionV of Whe CopernicXV ediWorial Weam (i.e., reYiVed manXVcripW and diff file).
NoneWheleVV, e[ampleV of Whe correcWionV and a deWailed YieZ of each e[perimenW are
proYided in Whe aWWached diVcXVVion VXpplemenW.

General commenWV:

We Whank ReYieZer #2 for hiV commenWV and VXggeVWionV. FolloZing hiV (and reYieZer'V #1)
VXggeVWionV, Ze repeaWed Whe MeVoneW WemperaWXre and relaWiYe hXmidiW\ e[perimenWV
Xnder more conWrolled condiWionV, added more WeVW VenVorV, and adjXVWed Whe reVXlW
preVenWaWion. Therefore, Whe final commenW beloZ iV ZriWWen in lighW of Whe folloZing
changeV:

- The Li-820 VenVor originall\ named CO2 IndependenW SenVor OXWVide iV renamed
Reference SenVor OXW (Ref_OUT).

- The Li-840A VenVor originall\ named CO2 IndependenW SenVor InVide iV renamed
Reference SenVor In (Ref_IN).

- The SenVeair K30 VenVorV originall\ named CO2 TeVW SenVorV 1 and 2 are renamed
K30_##, Zhere Whe firVW digiW referV Wo iWV aWWached V\VWem (i.e. logger, WemperaWXre,
and relaWiYe hXmidiW\ VenVorV) and Whe Vecond digiW iV iWV idenWificaWion. ThiV Za\ Whe
firVW SenVeair K30 VenVor of WeVW V\VWem 2 iV named K30_21.

- The MeVoneW WemperaWXre and relaWiYe hXmidiW\ e[perimenWV noZ haYe a "rXn"
idenWificaWion (i.e., "MeVXneW RXn 1 - TemperaWXre", "MeVXneW RXn 2 - TemperaWXre",
"MeVXneW RXn 1 - RelaWiYe hXmidiW\", eWc), Zhere RXn 1 iV Whe daWa originall\
preVenWed in Whe manXVcripW and RXnV 2 and 3 are Whe repeWiWion rXnV.

A "DiVcXVVion SXpplemenW" (appended Wo Whe end of WhiV repl\) VhoZV a VXmmar\ of
e[perimenWV and VenVorV XVed folloZing Whe model in Ar]oXmanian (2019;
doi:10.5194/amW-12-2665-2019), VXpporWing maWerial Wo e[plain Whe loZ CO2 YalXeV Veen in
Whe MeVoneW E[perimenW (RXn 1). The reVXlWV of Whe correcWion applicaWion on Whe MeVoneW
T/RH E[perimenW (RXn 1) daWaVeW, folloZed b\ Whe reVXlWV for Whe MeVoneW T/RH E[perimenW
(RXn 2 and 3), and Whe adjXVWed Bench WemperaWXre and relaWiYe hXmidiW\ E[perimenWV. The
docXmenW endV ZiWh Whe VXpporWing ploW for Whe PreVVXre Wime-reVponVe correcWion ("ideal
Vignal") and a brief diVcXVVion aboXW Whe reporWed WemperaWXre from Whe Li-820 reference
VenVor.

PleaVe noWe WhaW eYen WhoXgh Whe reVXlWV for Whe correcWion applicaWion on Whe MeVoneW T/RH
E[perimenW (RXn 1) daWaVeW are preVenWed in Whe aWWached "DiVcXVVion SXpplemenW", Whe\
VerYe onl\ aV a compariVon of Whe correcWion meWhod. FolloZing Whe reYieZer'V VXggeVWion,
Whe MeVoneW T/RH E[perimenW (RXn 1) daWaVeW Zill be diVcarded. Onl\ MeVoneW T/RH
E[perimenW (RXn 2 and 3) Zill be anal\]ed in Whe reYiVed manXVcripW.



²-----------------------²-----------------------²-----------------------²-----------------------

Repl\ for Anon\moXV Referee #2

General commenWV:

The firVW major concern iV Whe lack of a calibraWed and reliable reference daWaVeW for ambienW
air CO2 dr\ air mole fracWionV (or aV referred Wo in manXVcripW: Whe CO2 concenWraWion). The
aXWhorV LiCOR LI-840 and LI-820 V\VWemV aV a reference. HoZeYer, iW iV obYioXV WhaW neiWher
of Whe WZo inVWrXmenWV ZaV appropriaWel\ calibraWed. An indoor air concenWraWion of
200-300ppm CO2 aV reporWed in FigXre 3 iV compleWel\ XnrealiVWic.

AmbienW clean air daWa from NOAA can be foXnd here: Global MoniWoring LaboraWor\ -
Carbon C\cle GreenhoXVe GaVeV (noaa.goY) demonVWraWing WhaW 200-300 ppm iV noW
poVVible XnleVV in arWificial gaV mi[WXreV or enYironmenWV. GiYen WhaW Whe LiCORV are noW
calibraWed iW iV alVo Xnlikel\ WhaW Whe\ Zere properl\ WeVWed for croVV-VenViWiYiWieV, offVeWV or
non-lineariW\.

We agree ZiWh Whe reYieZer. The 200-300 ppm YalXeV VhoZn are noW realiVWic for indoor
concenWraWionV. HoZeYer, iW iV noW an arWifacW of Xnreliable reference VenVorV. ThiV
conViderable redXcWion in CO2 concenWraWion iV caXVed b\ Whe ThXnder ScienWific 2500
chamber. FigXre 1 in Whe diVcXVVion VXpplemenW VhoZV Whe raZ ppm YalXeV for Whe Li-840A
(Ref_IN), Whe Li-820 (Ref_OUT), and foXr K30 VenVorV, before, dXring, and afWer Whe Vecond
rXn of Whe meVoneW Wemp/RH e[perimenWV. In WhiV figXre, Whe Ref_IN and all foXr K30
VenVorV drop Wheir reporWed YalXeV from a500 ppm Wo a250 ppm afWer Whe VWarW of Whe
e[perimenW and reWXrn Wo a450 ppm afWer Whe e[perimenW endV. For Whe Vame Wime periodV,
Whe oXWVide reference (Ref_OUT) iV noW affecWed.

Looking aW Whe docXmenWaWion of Whe ThXnder ScienWific 2500 chamber, Where iV menWion of
Whe XVe of NiWrogen Wo conWrol preVVXre, WemperaWXre, and hXmidiW\. HoZeYer, Whe chamber
aW Whe MeVoneW CalibraWion LaboraWor\ doeV noW XVe WhiV feaWXre. In Wheir configXraWion, Whe
chamber XVeV ZaWer, a VerieV of compreVVorV, and pre-chamberV Wo generaWe VWandard WeVW
condiWionV. More informaWion aboXW Whe inner ZorkingV of WhiV chamber can be foXnd aW
hWWpV://ZZZ.WhXnderVcienWific.com/hXmidiW\_eqXipmenW/model_2500.hWml.

Searching for an e[planaWion for WhiV CO2 redXcWion Ze alVo inYeVWigaWed Whe behaYior of Whe
oWher YariableV dXring Whe e[perimenW. The daWa in figXre 2 and Wable 1, in Whe diVcXVVion
VXpplemenW, VhoZ WhaW none of Whe preVVXre VenVorV Yaried greaWl\ (all VenVorV VhoZ a
VWandard deYiaWion of appro[imaWel\ 106 Pa). The daWa alVo VhoZV WhiV effecW happenV
before large WemperaWXre and hXmidiW\ changeV and iV alVo Veen on Whe Ref_IN conWrol
VenVor (Zhich iV independenW of WemperaWXre and hXmidiW\ changeV in Whe WeVW rangeV).

AfWer oXr WhoroXgh reYieZ of Whe docXmenWaWion, iW ZaV noW clear Whe e[acW VoXrce of WhiV
effecW. NeYerWheleVV, iW iV apparenW Zhen anal\]ing Whe daWa WhaW WhiV effecW haV a
near-conVWanW behaYior WhroXghoXW Whe e[perimenWV. Therefore, an offVeW correcWion can be
applied ZiWhoXW loVV of generaliW\.



In Whe daWa preVenWed in Whe manXVcripW, Ze opWed Wo bring all daWa Wo Whe leYel of Whe
Ref_IN VenVor (Li-840A). ThiV deciVion ZaV baVed on Whe robXVWneVV of Whe Li-840A Zhen
compared Wo Whe Li-820 (Ref_OUT), and oXr ZiVh Wo anal\]e Whe daWa aW Whe relaWiYe
reference poinW of Whe chamber'V enYironmenW. In hindVighW, Ze XnderVWand hoZ Whe
XnrealiVWic daWa preVenWed ZiWh a lack of an e[planaWion ZoXld confXVe readerV. FigXre 3 of
Whe diVcXVVion VXpplemenW illXVWraWeV Whe impacW of WheVe WZo differenW correcWion VWraWegieV.
In Whe lefW panel, Whe reVXlW of correcWing Whe daWa Wo Whe Ref_IN VenVor, and in Whe righW
panel Whe reVXlW of correcWing Whe daWa Wo Whe Ref_OUT VenVor.

In Whe reYiVed manXVcripW Ze haYe XVed Whe Ref_OUT VenVor Wo correcW Whe daWa from Whe
meVoneW e[perimenWV. Ze XVed Whe 60 minXWeV prior Wo Whe e[perimenW (e.g., from 02:00 Wo
03:00 in figXreV 1 and 2) Zhere Whe condiWionV are VWable, Wo find an aYerage offVeW for each
VenVor Wo Whe Ref_OUT VenVor. ThiV offVeW ZaV When applied Wo Whe enWire Wime VerieV. An
e[planaWion of WhiV VWraWeg\ ZaV alVo added in Whe reYiVed manXVcripW.

To VXpporW oXr claimV aboXW Whe qXaliW\ of Whe meaVXremenWV of Whe Li-840A (Ref_IN) and
Whe Li-820 (Ref_OUT), Ze haYe added ploWV and WableV in Whe diVcXVVion VXpplemenW
VhoZing inWercompariVonV beWZeen Whe reference and WeVW VenVorV, before and afWer each
meVoneW e[perimenW. TheVe compariVonV VXpporW oXr VWraWeg\ Wo XVe Whe Ref_OUT VenVor Wo
correcW Whe daWa from Whe meVoneW e[perimenWV. In WheVe ploWV, Whe CO2 concenWraWion
meaVXred b\ Whe AWmoVpheric RadiaWion MeaVXremenW - SoXWhern GreaW PlainV (ARM SGP)
reference WoZer ZaV added Wo VhoZ WheVe are reaVonable aWmoVpheric YalXeV for Oklahoma.
We XndeUVWand Whe diVWance beWZeen NoUman and Whe ARM-SGP WoZeU doeV noW
alloZ foU a diUecW compaUiVon of Whe daWa. NeYerWheleVV, iW iV preVenWed here Wo
demonVWraWe Wo Whe reYieZerV WhaW Whe WZo reference VenVorV Zere meaVXring YalXeV ZiWhin
reaVonable e[pecWaWionV. A YerVion of WheVe addiWional ploWV and WableV ZiWh baVic VWaWiVWical
meWricV (ZiWhoXW Whe ARM-SGP daWa), ZaV added Wo Whe reYiVed manXVcripW VXpplemenW.

We alVo add here WhaW Whe Li-840A ZaV VenW back Wo LiCOR for calibraWion on JXn/06/2020.
The reporW proYided b\ Whe compan\ indicaWeV Whe VenVor had an offVeW of 1.098 ppm Wo
Zero ppm and offVeWV of 0.9809 and 0.0148 Wo Whe WZo Span referenceV.

The LI-820 and LI-40 haYe knoZn WemperaWXre dependenW drifWV. According Wo Whe LI-840
manXal WhiV Whe calibraWion drifW iV <0.4ppm per degree C 840A_ManXal_10690.pdf _
PoZered b\ Bo[ (bo[enWerpriVe.neW)

HoZ can Whe reader be VXre WhaW Where iVn¶W a reVidXal drifW in Whe reference daWa?

The Li-840A and Li-820 haYe inWernal heaWerV WhaW eleYaWe Wheir Vampling chamberV Wo a
WemperaWXre of a51 �C (reporWed in Whe diVcXVVion VXpplemenW VXbmiWWed ZiWh WhiV
reVponVe), Zhich iV aboYe Whe WemperaWXreV WeVWed in oXr e[perimenWV (ma[:a40 �C). ThiV
characWeriVWic eliminaWeV Wheir dependence ZiWhin Whe range WeVWed. TheVe aVVXmpWionV are
YalidaWed b\ Whe neZ ploWV and WableV for e[perimenWal condiWionV (e.g., diVcXVVion
VXpplemenW figXre 14 and Wable 13) and Whe reVXlWV from Whe meVoneW rXnV 2 and 3 (e.g.
diVcXVVion VXpplemenW WableV 14 and 20, and figXreV 14, 15, 20, and 21). In addiWion, Whe
diVcXVVion VXpplemenW WableV 15 and 21 VhoZ Whe Vlope, \-inWercepW, R2, and RMSE for Whe
Li-840A againVW preVVXre, WemperaWXre, relaWiYe hXmidiW\, and Ref_OUT meaVXremenWV



dXring meVoneW WemperaWXre e[perimenWV 2 and 3. Comparing Whe R2 eVWimaWeV for
WemperaWXre and Ref_OUT (a.k.a. Whe Li-820), Ze can conclXde WhaW WemperaWXre
meaVXremenWV are appro[imaWel\ eqXal or ZorVe aW predicWing Whe behaYior of Whe Li-840A.

BeVideV oXr anal\ViV, Ze alVo forZarded WhiV qXeVWion Wo Li-cor'V Wechnical VXpporW Weam. The
anVZer receiYed ZaV Whe folloZing:

"Thank \oX for \oXr email. If Whe heaWer iV WXrned on, \oX VhoXld noW Vee an\ VignificanW
drifW in Whe reVponVe oYer Whe enWire Vpecified range of Whe LI-840A."

2.) The range for Whe WemperaWXre calibraWion iV Woo Vmall and onl\ a Vingle WeVW (aW onl\ one
RH leYel) ZaV condXcWed. AWmoVpheric WemperaWXreV oXWVide Whe WropicV freqXenWl\ reach
YalXeV beloZ 10oC, Zhich VeemV Wo haYe been Whe loZeVW WemperaWXre VeWWing WeVWed in
VecWion 3. AlVo, Whe chamber e[perimenW holdV Whe WemperaWXre VWable for mXlWiple hoXrV. IV
WhiV reall\ a realiVWic WemperaWXre profile for a drone flighW?

We agree ZiWh Whe reYieZer, Where are man\ WeamV WhaW operaWe WheVe VenVorV beloZ 10 �C.
HoZeYer, Whe operaWional configXraWion of Whe ThXnder ScienWific 2500 chamber aW Whe
MeVoneW CalibraWion LaboraWor\ doeV noW prodXce reliable WeVW condiWionV beloZ 10 �C.
Therefore, WhiV iV a limiWaWion of WhiV VWXd\. NeYerWheleVV, Zhen compared ZiWh oWher VWXdieV
in Whe liWeraWXre, Whe preVenWed manXVcripW doeV e[pand Whe reVXlWV aYailable. For e[ample,
Whe reVXlWV from MarWin eW. al (2017) are limiWed Wo 16-24 �C and Ar]oXmanian eW. al. (2019)
are limiWed Wo 16-32 �C.

Regarding Whe Wime VcaleV of Whe e[perimenWV, Whe goal of Whe long inWerYalV ZaV Wo VWXd\
Whe general behaYior of Whe VenVorV and creaWe a comparable daWaVeW Wo oWher reVXlWV in Whe
liWeraWXre (ZiWh Whe e[panVion of Whe WemperaWXre and RH WeVW rangeV). ThiV W\pe of
e[perimenW iV imporWanW becaXVe WheVe VenVorV coXld haYe preVenWed WemperaWXre
Wime-reVponVe iVVXeV (i.e., lagV) on Whe VcaleV of WenV of minXWeV. Therefore, Whe long dZell
(MeVoneW) and Whe VhorW impXlVe (Bench) WeVWV complemenW each oWher.

Regarding Whe nXmber of WeVWV, aV menWioned aboYe, WZo more rXnV of each WeVW
(WemperaWXre and relaWiYe hXmidiW\) Zere added Wo Whe VWXd\. One more bench WeVW of each
Yariable (T/RH) ZaV alVo added (Vee e[perimenW VXmmar\ in Whe diVcXVVion VXpplemenW).

3.) IW iV Xnclear hoZ/if Whe lab bench VeWXp deVcribed in figXre 4 ZaV able Wo proYide a
homogeneoXVl\ heaWed air-VWream Wo all inVWrXmenWV. IW ZoXld be neceVVar\ haYe man\
more WemperaWXre VenVorV placed aroXnd Whe 2[K30 and Whe Li-COR Wo be VXre Whe\
meaVXred Whe Vame (WemperaWXre) air. FXrWhermore, Whe lab bench WeVWV meaVXred a
reVponVe Wo a VhorW-Werm WemperaWXre change ZiWhin a feZ minXWeV, Zhile Whe chamber WeVW
dXraWion ZaV oYer 6 hoXrV ZiWh 2 hoXrV Wime for inVWrXmenWV Wo eqXilibraWe. HoZ can WhoVe
Wo e[perimenWV be compared? The loZ correlaWion Veen in FigXre 6 coXld Zell be relaWed Wo
Whe change in Wime Vcale of Whe e[perimenW.

We agree ZiWh Whe reYieZer. OXr abiliW\ Wo enVXre WemperaWXre homogeneiW\ dXring Whe
e[perimenW ZaV noW clear in Whe original manXVcripW. BeVideV Whe mi[ing fan depicWed in
figXre 4 (original manXVcripW), Whe diaphragm pXmp inWakeV for Whe CO2 VenVorV (one for Whe



reference VenVor and one for Whe WZo K30 VenVorV) Zere placed immediaWel\ afWer Whree
PT-100 bead WhermiVWorV (10 H] Vampling, 1 H] Wime reVponVe, Vold and calibraWed b\
InWerMeW S\VWemV), and Whree IST HYT-271 capaciWiYe h\gromeWerV (10 H] Vampling,
4-Vecond RH Wime reVponVe, and 5-Vecond TemperaWXre Wime reVponVe). The WemperaWXre
VhoZn in Whe original manXVcripW iV an aYerage of Whe WemperaWXre of Whe 3 WhermiVWorV. The
placemenW of Whe WhermiVWorV and h\gromeWerV aV Zell aV Whe plXmbing of Whe CO2 VenVorV
ZaV added Wo Whe e[perimenW VchemaWicV in Whe reYiVed manXVcripW.

Specific commenWV:

L1: SXggeVWion Wo menWion WhaW WhiV VWXd\ focXVVeV on (loZer-coVW) NDIR VenVorV

We agree ZiWh Whe reYieZer. A commenW ZaV added Wo Whe reYiVed manXVcripW indicaWing WhiV
VWXd\ iV parWicXlarl\ inWereVWed in loZ-coVW, ZeighW, Vi]e, and poZer V\VWemV. We alVo
proYided a VWaWemenW aboXW oXr XnderVWanding of Whe Werm loZ-coVW (Xnder US$300 for Whe
WoWal VenVor package).

L14: PleaVe clarif\: ZhaW doeV ³menWioned meaVXremenW V\VWemV´ referV Wo. AlVo pleaVe add
a ciWaWion of VWXdieV WhaW demonVWraWed Whe claim WhaW no VXiWable meaVXremenW V\VWemV
e[iVWed for local and regional Vcale Zork. Since Whe 2010V caYiW\ ring doZn VpecWroVcop\
(CRDS) and inWegraWed caYiW\ oXWpXW VpecWroVcop\ (ICOS) V\VWemV haYe been in regXlar XVe
for aWmoVpheric CO2 meaVXremenWV and haYe alloZed high-reVolXWion and accXraWe
meaVXremenWV, eYen on mobile plaWformV (e.g. Chen aW al. 2010, AMT - High- accXrac\
conWinXoXV airborne meaVXremenWV of greenhoXVe gaVeV (CO2 and CH4) XVing Whe caYiW\
ring-doZn VpecWroVcop\ (CRDS) WechniqXe (copernicXV.org)).

The VWaWemenW ³menWioned meaVXremenW V\VWemV´ referV Wo Whe "inVWrXmenWed WoZerV,
VaWelliWeV, and manned aircrafW", menWioned in L10.

The manXVcripW doeV noW claim Where are "no VXiWable meaVXremenW V\VWemV for local and
regional VcaleV". WhaW Whe VWaWemenW in L14/15 indicaWeV iV WhaW inVWrXmenWed WoZerV,
VaWelliWeV, and manned aircrafW "... do noW alZa\V VXpporW faVW and comprehenViYe daWa
collecWion near regional and local phenomena." For e[ample, Whe AWmoVpheric RadiaWion
MeaVXremenW - SoXWhern GreaW PlainV (ARM SGP) reference WoZer in BillingV (OK) ma\ noW
capWXre Whe nXanceV of a 40-minXWe Wraffic jam in Norman (OK) before an OU fooWball game.
Therefore, loZ-coVW VenVorV ma\ be an iniWial VolXWion for iniWial e[ploraWor\ VWXdieV. SXch
VWXdieV are alVo imporWanW becaXVe Whe\ help jXVWif\ fXnding reqXiViWionV for more rigoroXV
VWXdieV. FXrWhermore, oXWVide deYeloped coXnWrieV (VXch aV Whe US) Whe coYerage of
inVWrXmenWed WoZerV and manned aircrafW iV loZer, and acceVV Wo reVearch fXnding iV alVo
loZer. ThXV increaVing Whe need for loZ-coVW WoolV Wo inYeVWigaWe local phenomena. AV VWaWed
in L15/16, UAS-baVed meaVXremenW iV a "... complemenWar\ in-ViWX obVerYaWion Wool for
local aWmoVpheric CO2 profileV (Villa eW al., 2016)."

L85: YoX menWion Whe need for inVWrXmenW Vpecific correcWion coefficienWV, bXW onl\ decided
Wo meaVXre 2 inVWrXmenWV. HoZ repreVenWaWiYe are WZo XniWV? MarWin eW al. 2017 (AMT -



EYalXaWion and enYironmenWal correcWion of ambienW CO2 meaVXremenWV from a loZ-coVW
NDIR VenVor (copernicXV.org)) WeVWed aW leaVW 6 XniWV of Whe K30 VerieV.

We agree ZiWh Whe reYieZer, WZo XniWV ma\ noW be repreVenWaWiYe. AV menWioned aboYe Ze
repeaWed Whe e[perimenWV ZiWh more XniWV. A VXmmar\ of Whe e[perimenWV and XniWV WeVWed
iV proYided in Wable 1 of Whe diVcXVVion VXpplemenW. ThiV Wable ZaV alVo added Wo Whe reYiVed
manXVcripW.

FigXre 2. IW iV Yer\ difficXlW Wo diVWingXiVh Whe Wime VerieV of Whe differenW inVWrXmenWV.

We agree ZiWh Whe reYieZer, Whe ploW colorV Zere XpdaWed in Whe reYiVed manXVcripW and
diVcXVVion VXpplemenW XVing more conWraVWing color paleWWeV (Vimilar Wo MarWin eW al. 2017).
The colorV Zere WeVWed XVing WhiV Wool: hWWpV://projecWV.VXVielX.com/Yi]-paleWWe.

L144, FigXre 8: A linear fiW doeV noW Veem appropriaWe for Whe lefW panelV. Did \oX conVider a
non-linear inVWrXmenW reVponVe?

We had noW conVidered a non-linear fiW becaXVe Ze had noW foXnd liWeraWXre Wo VXpporW
non-linear behaYior. In facW, Where iV Yer\ liWWle liWeraWXre on Whe impacW of hXmidiW\ on
loZ-coVW NDIR VenVorV. MoVW VWXdieV foXnd reporW Whe XVe of deViccanWV Wo eliminaWe
hXmidiW\ from Whe aWmoVpheric VampleV. HoZeYer, XVing deViccanWV in Vmall UAS iV noW
alZa\V poVVible (eiWher dXe Wo coVW, ZeighW, or eYen fXVelage acceVV limiWaWionV), aV
deViccanWV need Wo be replaced freqXenWl\. Therefore, Ze XnderVWood Whe poor fiW aV an
indicaWion of loZ impacW from Whe Yariable.

The neZ daWaVeW for Whe repeaWed MeVoneW E[perimenWV (rXn 2 and 3) did noW VhoZ Whe
Vame behaYior for Whe WeVW VenVorV againVW relaWiYe hXmidiW\. In facW, figXreV 19 and 25 of
Whe diVcXVVion VXpplemenW VhoZ a more linear behaYior. NoneWheleVV, \oXr VXggeVWion iV
Yer\ inWereVWing becaXVe Whe a2 �C YariaWion dXring boWh relaWiYe hXmidiW\ e[perimenWV
appearV Wo be non-linear. AW Whe Wime WhiV reVponVe iV being ZriWWen Ze are anal\]ing Whe
poVVibiliW\ of adding a complemenWar\ joinW YariaWion (T/RH) caVe Wo Whe reYiVed manXVcripW.
In WhiV caVe, addiWional nonlinear anal\VeV ma\ be beneficial.

L170: The WemperaWXre e[perimenW, eVpeciall\ FigXre4 clearl\ VhoZ WhaW Whe concenWraWion
inVide and oXWVide Whe chamber can (and do) differ. Wh\ do \oX conVider Whe LI-840 on Whe
oXWVide aV a reliable reference here, eVpeciall\ afWer Whe poWenWial µXnknoZn e[Wernal
inWerference¶?

IW iV noW clear Wo XV ZhaW Whe reYieZer iV referring Wo in WhiV commenW. L170 in Whe
manXVcripW offerV a deVcripWion of Whe MeVoneW PreVVXre Dependence E[perimenW and FigXre
4 illXVWraWeV Whe arrangemenW of Whe Bench TemperaWXre and RelaWiYe HXmidiW\ e[perimenWV.
The "XnknoZn e[Wernal inWerferenceV" menWioned in Whe manXVcripW are aVVociaWed ZiWh Whe
MeVoneW TemperaWXre and RelaWiYe HXmidiW\ e[perimenWV. Therefore, Ze Zill aWWempW Wo
reVpond Wo Whe beVW of oXr XnderVWanding aVVXming Whe TXeVWion iV aboXW Whe
e[peUimenW aUUangemenW deWailed in L170.



The MeVoneW PreVVXre E[perimenW XVeV a differenW chamber Whan Whe Temp/RH e[perimenWV
(aV VWaWed in L162/163). The preVVXre chamber (CincinnaWi SXb-Zero Z16 ZiWh Whe cXVWom
gaVkeW-baVed YacXXm and compreVVion V\VWem) XVeV WZo ThompVon pXmpV Wo moYe air in
and oXW of Whe chamber Wo raiVe and loZer preVVXre. The air moYed in and oXW of Whe
chamber comeV from Whe laboraWor\. Therefore, Ze placed Whe inWake plXmbing for Whe
diaphragm pXmp of Whe Li-840A ZiWhin 1 cm of Whe chamber'V pXmp inWake and e[haXVW Wo
moniWor Whe CO2 of Whe air coming in and oXW of Whe chamber.

- AWWempW Wo reVpond Wo Whe beVW of oXr XnderVWanding aVVXming Whe TXeVWion iV
aboXW Whe e[peUimenWal VeWXp foU Whe MeVoneW TempeUaWXUe and RelaWiYe
HXmidiW\ e[peUimenWV:

AV deWailed in L95 of Whe original manXVcripW, Whe WemperaWXre and hXmidiW\ chamber
(ThXnder ScienWific 2500) iV noW Vealed. Therefore, Where iV e[change ZiWh air in Whe
laboraWor\. Therefore oXr e[perimenW deVign iV dependenW on a loZ YariaWion of CO2 in Whe
laboraWor\ Wo iVolaWe Whe impacW of T/RH on Whe K30. Under WhiV aVVXmpWion, if boWh
reference VenVorV (IN and OUT) VhoZed loZ YariaWion and Whe WeVW VenVorV VhoZed high
YariaWion, Ze coXld XVe Whe daWaVeW Wo VWXd\ Whe impacW of Whe WeVW Yariable. TheVe
condiWionV Zere achieYed Zhen Ze repeaWed Whe e[perimenWV (Vee VecWionV 4 and 5 of Whe
aWWached diVcXVVion VXpplemenW).

L214: ThiV iV a major concern: Can Whe reVXlWV reporWed here be XVefXl Wo oWher reVearcherV,
If Whe Wime dela\ed reVponVe Wo preVVXre changeV iV Vpecific Wo Whe inleW and hoXVing deVign?

AV VWaWed b\ Ga\nXllin eW. al. (2016), MarWin eW. al. (2017), and VWaWed in Whe original
manXVcripW, all Whe calibraWionV and coefficienWV VhoZn are XniW Vpecific. Therefore, WhiV VWXd\
focXVed on demonVWraWing a loZ-coVW repeaWable meWhod Wo deWermine WheVe coefficienWV.
ThXV, oWheU UeVeaUcheUV can XVe Whe meWhodV VhoZn in WhiV VWXd\ Wo deWermine Whe
Wime conVWanWV of each of Wheir Vpecific V\VWemV. FXrWhermore, aV VWaWed in L254 - L258
(original manXVcripW), Whe referred reVearcherV Zill need Wo repeaW Whe preVenWed meWhodV
oYer Wime Wo recalibraWe and re-eYalXaWe Wheir V\VWemV Wo "accoXnW for Wemporal drifW and
VenVor deca\".

L240: The accXrac\ of Whe inVWrXmenWV haV noW been inYeVWigaWed aW all. No gaV VWandardV
from NOAA or NIST ZaV XVed here, neiWher Zere calibraWed reference inVWrXmenWV.

The aXWhorV did demonVWraWe WhaW Whe\ can reprodXce meaVXremenWV ZiWhin 2.5ppm for
Vame air Vampling of anoWher opWical inVWrXmenWV Xnder cerWain condiWionV.

We agree ZiWh Whe reYieZer. EYen WhoXgh Whe commenWV in WhiV docXmenW and Whe addiWional
ploWV and WableV proYided in Whe diVcXVVion VXpplemenW indicaWe Whe reliabiliW\ of Whe
reference VenVorV, no gaV VWandardV Zere XVed. Therefore, Ze haYe added Wo Whe reYiVed
manXVcripW an e[pliciW indicaWion WhaW oXr reVXlWV are relaWiYe Wo Whe reference VenVorV.



Discussion Supplement for “The Impact of Environmental Variables
on UAS-based Atmospheric Carbon Dioxide Measurements”
Gustavo B. H. de Azevedo1,2, Bill Doyle2, Christopher A. Fiebrich3, and David Schvartzman1,4

1Advanced Radar Research Center (ARRC) at The University of Oklahoma
2Center for Autonomous Sensing and Sampling (CASS) at The University of Oklahoma
3Oklahoma Mesonet, Oklahoma Climatological Survey at The University of Oklahoma
4University of Oklahoma School of Meteorology, Norman, Oklahoma

Correspondence: Gustavo B. H. de Azevedo (gust@ou.edu)

Copyright statement. Authors 2022

1 Summary

Following the reviewers’ suggestions, we repeated the Mesonet temperature and relative humidity experiments under more

controlled conditions, added more test sensors, and adjusted the result presentation. Therefore, this document is written in light

of the following changes:5

– The Li-820 sensor originally named CO2 Independent Sensor Outside is renamed Reference Sensor Out (Ref_OUT).

– The Li-840A sensor originally named CO2 Independent Sensor Inside is renamed Reference Sensor In (Ref_IN).

– The Senseair K30 sensors originally named CO2 Test Sensors 1 and 2 are renamed K30_##, where the first digit refers

to its attached test system and the second digit is its identification. This way the first Senseair K30 sensor of test system

2 is named K30_21.10

– Test systems (labeled T_#) has its own pressure (two MS5611), temperature (three PT-100 bead thermistors),

relative humidity (three IST HYT-271 hygrometer), and Carbon Dioxide (two Senseair K30).

– Environmental conditions during the experiments are labeled by chamber, reference sensor, and the test system they are

associated with.

– The Mesonet temperature and relative humidity experiments now have a "run" identification (i.e., "Mesonet Run 1 Tem-15

perature", "Mesonet Run 2 Temperature", "Mesonet Run 1 Relative humidity", etc), where Run 1 is the data originally

presented in the manuscript and Runs 2 and 3 are the repetition runs.

1



The following sections provide supporting material to explain the low CO2 values seen in the Mesonet Experiment (Run

1). The results of the correction application on the Mesonet T/RH Experiment (Run 1) dataset, followed by the results for

the Mesonet T/RH Experiment (Run 2 and 3), and the adjusted Bench temperature and relative humidity Experiments. The20

document ends with the supporting plot for the Pressure time-response correction ("ideal signal").

Please note that even though the results for the correction application on the Mesonet T/RH Experiment (Run 1) dataset are

presented in the attached "Discussion Supplement", they serve only as a comparison of the correction method. Following the

reviewer’s suggestion, the Mesonet T/RH Experiment (Run 1) dataset will be discarded. Only Mesonet T/RH Experiment (Run

2 and 3) will be analyzed in the revised manuscript.25

1.1 Experiments summary

The following tables cross lists all the experiments performed and their sensors. The sensor intercomparison experiments are

not listed on the table. They were preformed before the first run of the Mesonet experiments, before the second run of the

Mesonet experiments, in between the second and third runs, and after the third run of the Mesonet experiments.
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Location Name Reference Sensors Test Sensor

Mesonet

Run 1 Pressure Ref_IN K30_11, K30_12

Run 1 Temperature Ref_IN, Ref_OUT K30_11, K30_12

Run 1 Relative Humidity Ref_IN, Ref_OUT K30_11, K30_12

Run 2 Temperature Ref_IN, Ref_OUT K30_21, K30_22, K30_31, K30_32

Run 2 Relative Humidity Ref_IN, Ref_OUT K30_21, K30_22, K30_31, K30_32

Run 3 Temperature Ref_IN, Ref_OUT K30_21, K30_22, K30_31, K30_32, K30_13, K30_14

Run 3 Relative Humidity Ref_IN, Ref_OUT K30_21, K30_22, K30_31, K30_32, K30_13, K30_14

Bench

Run 1 Pressure Correction Ref_IN K30_21, K30_22

Run 2 Pressure Correction Ref_IN K30_21, K30_22

Run 3 Pressure Correction Ref_IN K30_21, K30_22

Run 4 Pressure Correction Ref_IN K30_21, K30_22

Pressure Time-response Learn 1 Ref_IN K30_21, K30_22, K30_31, K30_32

Pressure Time-response Learn 2 Ref_IN K30_21, K30_22, K30_31, K30_32

Pressure Time-response Test 1 Ref_IN K30_21, K30_22, K30_31, K30_32

Pressure Time-response Test 2 Ref_IN K30_21, K30_22, K30_31, K30_32

Run 1 Temperature Ref_IN K30_21, K30_22

Run 1 Relative Humidity Ref_IN K30_21, K30_22

Run 2 Temperature Ref_IN K30_21, K30_22

Run 2 Relative Humidity Ref_IN K30_21, K30_22

Run 3 Relative Humidity Ref_IN K30_21, K30_22
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2 Impact of the Thunder Scientific 2500 on Experiments30
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Figure 1. Data showing the impact of the Thunder Scientific 2500 chamber on the reported CO2 values. The chamber was turned on at

01:29:37 and turned off at 08:24:43.
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Experimental Conditions for Mesonet Run 2 ALL
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Figure 2. Environmental conditions during the second run of the Mesonet Temperature and Relative Humidity experiments. The chamber

was turned on at 01:29:37 and turned off at 08:24:43. During this period the pressure (all sensors) and internal temperature (reference sensors)

does not vary greatly.

Table 1. Metrics for the experimental conditions for the complete second run of the Mesonet Experiments.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]

Ref_OUT 96910 97500 97262.68 105.94

Ref_IN 96540 97160 96902.5 107.37

T_2 97066.57 97669.28 97430.29 106.42

T_3 97039.22 97665.22 97427.47 106.54

Temperature [�C]

Ref_OUT 50.91 50.91 50.91 0*

Ref_IN 51.17 51.28 51.23 0.01

Chamber 10.23 40.26 - -

Relative Humidity [%] Chamber 2.06 88.03 - -

*Please see section 10 of this document for explanation about this zero deviation.
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Figure 3. Comparison of the reference offset strategies. On the left the all sensors are brought to the level of the Ref_IN sensor, on the right,

to the Ref_OUT sensor.
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3 Mesonet Experiment 1

3.1 Reference Intercomparison

Experimental Conditions for Reference Intercomparison Before Mesonet Run 1
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Figure 4. Environmental conditions during the intercomparison before the first Mesonet experiments.

Table 2. Metrics for the experimental conditions for the intercomparison before first Mesonet experiments.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]
Ref_OUT 97700 98000 97819.24 87.62

Ref_IN 97380 97740 97526.47 88.92

Temperature [�C]
Ref_OUT 50.91 50.91 50.91 0*

Ref_IN 51.17 51.25 51.22 0.02

H2O [ppt] Ref_IN 3.38 4.3 3.57 0.18

*Please see section 10 of this document for explanation about this zero deviation.
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Reference Intercomparison Before Mesonet Run 1
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Figure 5. Results for the intercomparison before the first Mesonet experiment. At this date, the two reference presented a constant 54.75

ppm offset. After correcting this offset, the RMSE was 1.63 ⇤ 10�14 ppm.

Table 3. Metrics for the intercomparison before the first Mesonet experiments.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_OUT 413.91 443.85 424.57 6.51

Ref_IN 360.24 387.49 369.82 6.14

ARM SGP 412.1 464.98 429.74 11.85
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3.2 Temperature35

Experimental Conditions for Mesonet Temperature 1
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Figure 6. Experimental conditions during the first Mesonet Temperature run.

Table 4. Metrics for the experimental conditions during the first Mesonet Temperature run.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]

Ref_OUT 98860 99290 99170.04 128.85

Ref_IN 98460 98970 98825.68 134.19

T_1 99133.8 99565.99 99445.19 127.6

Temperature [�C]

Ref_OUT 50.91 50.91 50.91 0*

Ref_IN 51.17 51.28 51.23 0.01

Chamber 10.74 40.32 - -

Relative Humidity [%] Chamber 43 47.09 45.64 0.98

*Please see section 10 of this document for explanation about this zero deviation.
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Mesonet Temperature 1
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Figure 7. Results for the first Mesonet Temperature run.

Table 5. Carbon Dioxide metrics for the first Mesonet Temperature run.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_OUT 425.48 581.55 484.34 45.08

Ref_IN 435.11 479.91 456.2 12.7

K30_11 435.35 501.35 464.47 18.86

K30_12 442.05 509.72 468.27 21.15
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Correlation for the Mesonet Temperature 1
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Figure 8. Scatter plots for the first Mesonet Temperature run.
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Table 6. Linear fit metrics for the first Mesonet Temperature run.

Sensor Predictor Slope Y-Intercept R2 RMSE

Ref_IN

Pressure -0.08 8212.38 0.68 7.19

Temperature 0.6 440.47 0.25 11

Relative Humidity 7.42 117.68 0.33 10.43

Ref_OUT 0.25 337.26 0.76 6.22

K30_11

Pressure -0.14 13911.4 0.84 7.61

Temperature 1.32 430.2 0.54 12.79

Relative Humidity 9.19 44.89 0.23 16.57

Ref_IN 1.41 -178.06 0.9 5.98

Ref_OUT 0.4 270.02 0.92 5.31

K30_12

Pressure -0.16 15918.25 0.88 7.38

Temperature 1.62 426.07 0.65 12.5

Relative Humidity 8.46 82.31 0.15 19.46

Ref_IN 1.5 -218.19 0.82 9.08

Ref_OUT 0.45 248.4 0.94 5.37
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3.3 Relative Humidity

Figure 9. Experimental conditions during the first Mesonet Relative Humidity run.

Table 7. Metrics for the experimental conditions during the first Mesonet Relative Humidity run.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]

Ref_OUT 97950 98410 98264.73 121.25

Ref_IN 97590 98100 97930.66 121.5

T_1 98225.48 98674.64 98537.13 115.1

Temperature [�C]

Ref_OUT 50.91 50.91 50.91 0

Ref_IN 51.17 51.28 51.23 0.01

Chamber 25.47 25.5 25.48 0.01

Relative Humidity [%] Chamber 14.97 95.48 - -
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Mesonet Relative Humidity 1

14:00 15:00 16:00 17:00 18:00 19:00 20:00
Time (UTC) Mar 05, 2020   

450

500

550

600

650

700
C

ar
bo

n 
D

io
xi

de
 [p

pm
]

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
H

um
id

ity
 [%

]

Ref_OUT Ref_IN K30_11 K30_12 Relative Humidity [%]

Figure 10. Results for the first Mesonet Relative Humidity run.

Table 8. Carbon Dioxide metrics for the first Mesonet Relative Humidity run.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_OUT 428.93 593.21 483 52.16

Ref_IN 447.85 510.86 465.9 19.74

K30_11 449.41 532.41 476.07 24.97

K30_12 449.43 532.8 476.58 24.91
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Correlation for the Mesonet Relative Humidity 1
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Figure 11. Scatter plots for the first Mesonet Relative Humidity run.

Table 9. Linear fit metrics for the first Mesonet Relative Humidity run.

Sensor Predictor Slope Y-Intercept R2 RMSE

K30_11

Pressure 0.14 -13756.32 0.44 18.64

Temperature 1747.35 -44046.02 0.19 22.52

Relative Humidity 0.79 427.22 0.69 13.91

Ref_IN 1.25 -107.72 0.98 3.48

Ref_OUT 0.47 249.43 0.96 4.96

K30_12

Pressure 0.15 -14021.01 0.46 18.27

Temperature 1765.67 -44512.15 0.19 22.4

Relative Humidity 0.8 427.3 0.71 13.52

Ref_IN 1.25 -104.56 0.98 3.81

Ref_OUT 0.47 250.86 0.96 5.13
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4 Mesonet Experiment 2

4.1 Reference Sensors

Experimental Conditions for Reference Intercomparison Before Mesonet Run 2
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Figure 12. Experimental conditions for the intercomparison before second Mesonet experiments.

Table 10. Metrics for the experimental conditions for the intercomparison before second Mesonet experiments.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]

Ref_OUT 97220 97320 97261.68 23.66

Ref_IN 96830 96980 96904.07 26.97

T_1 97395.68 97470.13 97427.53 20.73

T_2 97393.41 97483.26 97430.47 25.02

Temperature [�C]
Ref_OUT 50.91 50.91 50.91 0

Ref_IN 51.2 51.28 51.23 0.01

H2O [ppt] Ref_IN 13.57 13.75 13.65 0.03
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Reference Intercomparison Before Mesonet Run 2
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Figure 13. Results for the intercomparison before the second Mesonet experiment. At this date, the two reference presented a constant 18.23

ppm offset. After correcting this offset, the RMSE was 1.53 ⇤ 10�14 ppm.

Table 11. Metrics for the intercomparison before the second Mesonet experiments.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_OUT 465.75 520.45 490.28 13.02

Ref_IN 484.46 538.11 508.51 13.17

ARM SGP 413.32 420.2 417.05 1.42

K30_21 425.5 481.5 449.68 13.55

K30_22 482 539 508.29 13.93

K30_31 529 585 552.27 13.48

K30_32 441 497 467.25 14.28
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4.2 Temperature40

Figure 14. Experimental conditions during the second Mesonet Temperature run.

Table 12. Metrics for the experimental conditions during the second Mesonet Temperature run.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]

Ref_OUT 97210 97400 97304.12 47.69

Ref_IN 96830 97050 96944.33 45.83

T_2 97385.18 97565.27 97470.79 48.26

T_3 97385.21 97563.27 97468.38 47.66

Temperature [�C]

Ref_OUT 50.91 50.91 50.91 0

Ref_IN 51.17 51.28 51.23 0.01

Chamber 10.28 40.26 - -

Relative Humidity [%] Chamber 43.48 47.81 45.17 1.23

18



Mesonet Temperature 2
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Figure 15. Results for the second Mesonet Temperature run.

Table 13. Carbon Dioxide metrics for the second Mesonet Temperature run.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_OUT 430.39 444.43 434.57 3.68

Ref_IN 434.32 446.82 438.07 2.47

K30_21 434.62 477.32 454.36 11.88

K30_22 436.42 477.51 453.11 11.29

K30_31 427.33 448.05 439.02 5.08

K30_32 435.23 471.76 451.68 10.29
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Correlation for the Mesonet Temperature 2
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Figure 16. Scatter plots for the second Mesonet Temperature run.
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Table 14. Linear fit metrics for the second Mesonet Temperature run.

Sensor Predictor Slope Y-Intercept R2 RMSE

Ref_IN

Pressure -0.02 2538.79 0.15 2.26

Temperature -0.17 442.25 0.42 1.87

Relative Humidity 0.68 407.18 0.12 2.31

Ref_OUT 0.44 245.07 0.44 1.83

K30_21

Pressure 0.2 -18931.25 0.65 6.99

Temperature 1.25 423.91 0.96 2.35

Relative Humidity -0.81 490.97 0.01 11.83

Ref_IN -2.47 1536.34 0.26 10.21

Ref_OUT -2.09 1363.93 0.42 9.03

K30_22

Pressure 0.18 -17025.1 0.59 7.24

Temperature 0.93 430.45 0.59 7.23

Relative Humidity 4.22 262.52 0.21 10.03

Ref_IN -1.05 912.85 0.05 10.98

Ref_OUT -1.82 1242.14 0.35 9.08

K30_31

Pressure 0.01 -235.81 0 5.05

Temperature 0.1 436.62 0.03 4.98

Relative Humidity -3.61 602.12 0.76 2.47

Ref_IN -0.15 503.29 0.01 5.05

Ref_OUT 0.24 335.75 0.03 4.99

K30_32

Pressure 0.18 -16989.37 0.69 5.75

Temperature 1.08 425.42 0.95 2.24

Relative Humidity -0.48 473.53 0 10.27

Ref_IN -2.08 1361.23 0.25 8.93

Ref_OUT -1.82 1243.47 0.43 7.79
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4.3 Relative Humidity

Experimental Conditions for Mesonet Relative Humidity 2
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Figure 17. Experimental conditions during the second Mesonet Relative Humidity run.

Table 15. Metrics for the experimental conditions during the second Mesonet Relative Humidity run.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]

Ref_OUT 97100 97500 97342.03 111.34

Ref_IN 96720 97160 96980.96 111

T_2 97274.8 97669.28 97511.81 112.58

T_3 97270.3 97665.22 97508.13 112.64

Temperature [�C]

Ref_OUT 50.91 50.91 50.91 0

Ref_IN 51.2 51.28 51.23 0.01

Chamber 21.95 26.76 26.2 0.95

Relative Humidity [%] Chamber 14.87 88.03 - -
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Mesonet Relative Humidity 2
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Figure 18. Results for the second Mesonet Relative Humidity run.

Table 16. Carbon Dioxide metrics for the second Mesonet Relative Humidity run.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_OUT 432.36 434.37 433.36 0.57

Ref_IN 427.27 439.11 430.78 2.54

K30_21 429.1 443.48 438.27 3.27

K30_22 429.23 445.32 439.59 3.75

K30_31 421.89 439.33 434.08 3.09

K30_32 429.27 451.75 444.42 6.1
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Correlation for the Mesonet Relative Humidity 2
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Figure 19. Scatter plots for the second Mesonet Relative Humidity run.
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Table 17. Linear fit metrics for the second Mesonet Relative Humidity run.

Sensor Predictor Slope Y-Intercept R2 RMSE

K30_21

Pressure -0.01 1489.63 0.14 3.02

Temperature 2.65 368.72 0.6 2.06

Relative Humidity 0.1 432.97 0.65 1.92

Ref_IN -0.25 544.31 0.04 3.19

Ref_OUT 3.42 -1043.98 0.35 2.62

K30_22

Pressure -0.02 2062.65 0.25 3.24

Temperature 3.22 355.25 0.67 2.16

Relative Humidity 0.11 433.84 0.58 2.43

Ref_IN -0.18 519.04 0.02 3.71

Ref_OUT 4.7 -1597.44 0.5 2.64

K30_31

Pressure 0 128.65 0.01 3.05

Temperature 0.84 412.08 0.07 2.96

Relative Humidity 0.08 429.5 0.55 2.07

Ref_IN -0.36 589.56 0.09 2.93

Ref_OUT 0.23 335.68 0 3.07

K30_32

Pressure -0.02 2753.61 0.19 5.48

Temperature 5.39 303.33 0.7 3.32

Relative Humidity 0.18 434.63 0.63 3.69

Ref_IN -0.52 668.32 0.05 5.95

Ref_OUT 7.6 -2850.09 0.5 4.32
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5 Mesonet Experiment 3

5.1 Temperature

Figure 20. Experimental conditions during the third Mesonet Temperature run.
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Table 18. Metrics for the experimental conditions during the third Mesonet Temperature run.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]

Ref_OUT 96730 97170 96886.92 133.07

Ref_IN 96350 96820 96517.46 131.51

T_1 96893.91 97325.16 97034.12 135.93

T_2 96909.97 97343.58 97050.6 134.92

T_3 96895.46 97326.49 97034.11 134.52

Temperature [�C]

Ref_OUT 50.91 50.91 50.91 0

Ref_IN 51.17 51.28 51.23 0.01

Chamber 10.44 40.98 - -

Relative Humidity [%] Chamber 43.78 49.27 45.56 1.05

Figure 21. Results for the third Mesonet Temperature run.
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Table 19. Carbon Dioxide metrics for the third Mesonet Temperature run.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_OUT 436.43 465.98 449.53 8.36

Ref_IN 451.11 467.77 456.67 4.03

K30_13 454.01 486.43 468.41 8.42

K30_14 452.86 485.25 467.83 7.9

K30_21 452.92 499.52 475.51 12.3

K30_22 446.99 493.18 471.16 11.07

K30_31 446.81 469.85 458.34 4.97

K30_32 452.9 492.42 472.37 10.47
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Correlation for the Mesonet Temperature 3
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Figure 22. Scatter plots for the third Mesonet Temperature run.
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Table 20. Linear fit metrics for the third Mesonet Temperature run.

Sensor Predictor Slope Y-Intercept R2 RMSE

Ref_IN

Pressure -0.02 2078.44 0.3 3.37

Temperature -0.3 464.16 0.51 2.81

Relative Humidity 0.09 452.78 0 4.02

Ref_OUT 0.32 313.36 0.44 3.01

K30_13

Pressure 0.04 -3669.06 0.47 6.1

Temperature 0.78 448.64 0.81 3.64

Relative Humidity -1.81 550.89 0.05 8.2

Ref_IN -0.82 842.92 0.15 7.74

Ref_OUT -0.21 562.65 0.04 8.23

K30_14

Pressure 0.04 -3251.44 0.44 5.93

Temperature 0.7 450.08 0.75 3.98

Relative Humidity -1.03 514.56 0.02 7.82

Ref_IN -0.67 772.65 0.12 7.42

Ref_OUT -0.24 574.91 0.06 7.64

K30_21

Pressure 0.06 -5286.77 0.42 9.33

Temperature 1.21 444.97 0.91 3.71

Relative Humidity -3.32 626.54 0.08 11.8

Ref_IN -1.53 1175.94 0.25 10.64

Ref_OUT -0.36 637.62 0.06 11.92

K30_22

Pressure 0.05 -4347.35 0.37 8.81

Temperature 1.05 444.56 0.85 4.25

Relative Humidity -2.07 565.27 0.04 10.85

Ref_IN -1.37 1094.61 0.25 9.6

Ref_OUT -0.33 619.19 0.06 10.72

K30_31

Pressure 0 321.94 0 4.96

Temperature -0.1 460.86 0.04 4.87

Relative Humidity -2.6 576.97 0.3 4.15

Ref_IN 0.76 109.91 0.38 3.9

Ref_OUT 0.44 262.08 0.54 3.36

K30_32

Pressure 0.06 -4964.63 0.52 7.27

Temperature 1.01 446.77 0.88 3.59

Relative Humidity -4.11 659.47 0.17 9.55

Ref_IN -1.23 1032.26 0.22 9.24

Ref_OUT -0.16 546.35 0.02 10.3830



5.2 Relative Humidity

Experimental Conditions for Mesonet Relative Humidity 3
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Figure 23. Experimental conditions during the third Mesonet Relative Humidity run.

Table 21. Metrics for the experimental conditions during the third Mesonet Relative Humidity run.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]

Ref_OUT 96660 97020 96787.52 101.93

Ref_IN 96250 96680 96413.49 103.39

T_1 96805.94 97161.59 96924.18 98.27

T_2 96821.58 96951.79 96908.85 36.22

T_3 96803.85 97169.14 96932.27 100.46

Temperature [�C]

Ref_OUT 50.91 50.91 50.91 0

Ref_IN 51.17 51.28 51.23 0.01

Chamber 25.83 27.61 27.08 0.33

Relative Humidity [%] Chamber 15.1 85.4 - -
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Mesonet Relative Humidity 3
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Figure 24. Results for the third Mesonet Relative Humidity run.

Table 22. Carbon Dioxide metrics for the third Mesonet Relative Humidity run.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_OUT 426.49 431.72 428.72 1.45

Ref_IN 424.45 437.28 428.66 2.46

K30_13 429.9 442.38 436.38 3.13

K30_14 429.07 447.24 439.24 4.75

K30_21 429.52 441.41 436.28 2.66

K30_22 429.48 447.17 439.36 5.56

K30_31 428.83 442.83 436.88 3.59

K30_32 429.72 440.2 435.62 2.63
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Correlation for the Mesonet Relative Humidity 3
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Figure 25. Scatter plots for the third Mesonet Relative Humidity run.
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Table 23. Linear fit metrics for the third Mesonet Relative Humidity run.

Sensor Predictor Slope Y-Intercept R2 RMSE

K30_13

Pressure 0.01 -92.64 0.03 3.08

Temperature 6.31 265.53 0.45 2.33

Relative Humidity 0.1 430.8 0.75 1.55

Ref_IN -0.75 756.54 0.34 2.53

Ref_OUT -1.27 981.63 0.35 2.52

K30_14

Pressure 0.01 -236.3 0.02 4.68

Temperature 9.54 180.9 0.44 3.53

Relative Humidity 0.16 430.51 0.8 2.1

Ref_IN -1.2 955.06 0.39 3.71

Ref_OUT -1.89 1249.99 0.33 3.86

K30_21

Pressure 0.06 -5512.96 0.7 1.45

Temperature 7.11 243.81 0.79 1.23

Relative Humidity 0.06 432.81 0.41 2.04

Ref_IN -0.31 569.21 0.08 2.54

Ref_OUT -1.59 1117.18 0.75 1.32

K30_22

Pressure 0.1 -9486.42 0.45 4.13

Temperature 12.72 94.92 0.57 3.62

Relative Humidity 0.08 435.27 0.13 5.18

Ref_IN -0.39 604.51 0.03 5.46

Ref_OUT -3.61 1988.63 0.89 1.84

K30_31

Pressure 0 18.48 0.01 3.55

Temperature 6.75 254.08 0.39 2.8

Relative Humidity 0.12 430.45 0.76 1.75

Ref_IN -0.73 748.53 0.25 3.11

Ref_OUT -1.28 983.93 0.27 3.06

K30_32

Pressure 0.01 -242.33 0.07 2.52

Temperature 5.56 285.04 0.49 1.86

Relative Humidity 0.08 431.25 0.66 1.52

Ref_IN -0.44 624.66 0.17 2.38

Ref_OUT -1.14 923.1 0.4 2.03
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5.3 Reference Sensors45

Experimental Conditions for Reference Intercomparison After Mesonet Run 3
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Figure 26. Experimental conditions for the intercomparison after third Mesonet experiments.

Table 24. Metrics for the experimental conditions for the intercomparison after third Mesonet experiments.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]
Ref_OUT 96030 96120 96075.97 22.5

Ref_IN 95850 95980 95921.67 24.51

Temperature [�C]
Ref_OUT 50.91 50.91 50.91 0

Ref_IN 51.17 51.25 51.23 0.01

H2O [ppt] Ref_IN 18.03 20.88 18.87 0.61
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Reference Intercomparison After Mesonet Run 3
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Figure 27. Results for the intercomparison after the third Mesonet experiment. At this date, the two reference presented a constant 17.24

ppm offset. After correcting this offset, the RMSE was 1.12 ⇤ 10�14 ppm.

Table 25. Metrics for the intercomparison after the third Mesonet experiments.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_OUT 398.62 437.86 413.05 8.74

Ref_IN 417.4 453.29 430.29 8.27

ARM SGP 415.3 420.81 418.31 1.15
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6 Benchtop Experiments 1

6.1 Temperature

Experimental Conditions for Bench Temperature 1
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Figure 28. Experimental conditions during the first Bench Temperature run.

Table 26. Metrics for the experimental conditions during the first Bench Temperature run.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]
Ref_IN 97300 97370 97342.1 13.57

T_2 97617.75 97634.8 97626.68 2.82

Temperature [�C]
Ref_IN 51.17 51.25 51.23 0.01

T_2 20.75 53.41 - -

Relative Humidity [%] T_2 10.62 50.09 28.31 11.43
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Bench Temperature 1
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Figure 29. Results for the first Bench Temperature run.

Table 27. Carbon Dioxide metrics for the first Bench Temperature run.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_IN 459.04 545.15 492.49 23.76

K30_21 497.84 559.03 525.9 17.94

K30_22 483.39 558.39 518.05 23.47
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Correlation for the Bench Temperature 1
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Figure 30. Scatter plots for the first Bench Temperature run.

Table 28. Linear fit metrics for the first Bench Temperature run.

Sensor Predictor Slope Y-Intercept R2 RMSE

K30_21

Pressure -3.01 294698.42 0.22 15.79

Temperature 0.22 518.82 0.01 17.82

Relative Humidity 0.28 517.94 0.03 17.63

Ref_IN 0.36 346.62 0.23 15.7

K30_22

Pressure -4.04 394541.7 0.23 20.51

Temperature 0.1 514.98 0 23.43

Relative Humidity 0.54 502.84 0.07 22.63

Ref_IN 0.53 256.9 0.29 19.78
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6.2 Relative Humidity

Experimental Conditions for Bench Relative Humidity 1

95000

96000

97000

98000

99000

100000

Pr
es

su
re

 [P
a]

0

50

100

0

50

100

R
el

at
iv

e 
H

um
id

ity
 [%

]

15:48 15:49 15:50 15:51 15:52 15:53 15:54
Time (UTC) Oct 19, 2021   

0

20

40

60

Te
m

pe
ra

tu
re

 [°
C

]
T_2 Ref_IN Chamber Value 1

Figure 31. Experimental conditions during the first Bench Relative Humidity run.

Table 29. Metrics for the experimental conditions during the first Bench Relative Humidity run.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]
Ref_IN 97320 97390 97353 13.16

T_2 97627.66 97659.9 97640.33 5.71

Temperature [�C]
Ref_IN 51.17 51.25 51.23 0.01

T_2 20.9 22.79 21.81 0.58

Relative Humidity [%] T_2 48.27 74.04 - -
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Bench Relative Humidity 1
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Figure 32. Results for the first Bench Relative Humidity run.

Table 30. Carbon Dioxide metrics for the first Bench Relative Humidity run.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_IN 415.71 499.36 443.18 16.68

K30_21 429.07 440.17 434 2.74

K30_22 427.3 438.15 433.97 2.85
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Correlation for the Bench Relative Humidity 1
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Figure 33. Scatter plots for the first Bench Relative Humidity run.

Table 31. Linear fit metrics for the first Bench Relative Humidity run.

Sensor Predictor Slope Y-Intercept R2 RMSE

K30_21

Pressure -0.28 27598.92 0.34 2.23

Temperature -2.36 485.44 0.25 2.37

Relative Humidity -0.04 436.72 0.02 2.71

Ref_IN 0.06 406.28 0.14 2.54

K30_22

Pressure -0.29 28917.54 0.34 2.31

Temperature -2.99 499.14 0.37 2.26

Relative Humidity -0.02 435.4 0.01 2.84

Ref_IN 0.04 418.13 0.04 2.79
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7 Benchtop Experiments 2

7.1 Temperature50

Experimental Conditions for Bench Temperature 2
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Figure 34. Experimental conditions during the second Bench Temperature run.

Table 32. Metrics for the experimental conditions during the second Bench Temperature run.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]
Ref_IN 97440 97530 97482.13 16.39

T_2 97754.06 97773.67 97762.57 5.1

Temperature [�C]
Ref_IN 51.17 51.25 51.23 0.01

T_2 21.51 39.81 - -

Relative Humidity [%] T_2 19.61 41.42 33.56 6.33
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Bench Temperature 2
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Figure 35. Results for the second Bench Temperature run.

Table 33. Carbon Dioxide metrics for the second Bench Temperature run.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_IN 406.13 427.64 413.68 6.41

K30_21 403.99 423.49 412.55 6.05

K30_22 397.77 416.77 407.28 4.96
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Correlation for the Bench Temperature 2
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Figure 36. Scatter plots for the second Bench Temperature run.

Table 34. Linear fit metrics for the second Bench Temperature run.

Sensor Predictor Slope Y-Intercept R2 RMSE

K30_21

Pressure -0.62 61137.65 0.27 5.15

Temperature -0.03 413.39 0 6.04

Relative Humidity -0.18 418.56 0.04 5.94

Ref_IN 0.73 112.51 0.59 3.87

K30_22

Pressure -0.05 5327.96 0 4.95

Temperature -0.23 413.29 0.04 4.86

Relative Humidity 0.02 406.54 0 4.96

Ref_IN 0.41 238.09 0.28 4.21
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7.2 Relative Humidity

Experimental Conditions for Bench Relative Humidity 2
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Figure 37. Experimental conditions during the second Bench Relative Humidity run.

Table 35. Metrics for the experimental conditions during the second Bench Relative Humidity run.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]
Ref_IN 97400 97470 97439.71 15.51

T_2 97707.94 97724.89 97717.96 4.32

Temperature [�C]
Ref_IN 51.17 51.25 51.22 0.01

T_2 19.8 22.3 21.44 0.69

Relative Humidity [%] T_2 38.9 57.85 45.78 5.99
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Bench Relative Humidity 2
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Figure 38. Results for the second Bench Relative Humidity run.

Table 36. Carbon Dioxide metrics for the second Bench Relative Humidity run.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_IN 400.31 403.6 401.63 1.04

K30_21 399.36 402.36 400.68 0.79

K30_22 400.24 403.09 401.65 0.75
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Correlation for the Bench Relative Humidity 2
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Figure 39. Scatter plots for the second Bench Relative Humidity run.

Table 37. Linear fit metrics for the second Bench Relative Humidity run.

Sensor Predictor Slope Y-Intercept R2 RMSE

K30_21

Pressure -0.18 18403.68 0.59 0.67

Temperature -0.57 413.78 0.14 0.96

Relative Humidity 0.06 398.89 0.12 0.97

Ref_IN 1.14 -57.65 0.68 0.59

K30_22

Pressure -0.04 4655.61 0.06 0.76

Temperature -0.23 405.59 0.04 0.77

Relative Humidity 0.03 399.45 0.04 0.77

Ref_IN 0.55 180.63 0.27 0.67
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8 Benchtop Experiments 3

8.1 Relative Humidity

Experimental Conditions for Bench Relative Humidity 3
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Figure 40. Experimental conditions during the third Bench Relative Humidity run.

Table 38. Metrics for the experimental conditions during the third Bench Relative Humidity run.

Variable Sensor Minimum Maximum Average Standard deviation

Pressure [Pa]
Ref_IN 97220 97290 97259.79 13.42

T_2 97526.79 97542.3 97533.86 3.63

Temperature [�C]
Ref_IN 51.17 51.25 51.23 0.01

T_2 22.38 25.39 23.82 1.02

Relative Humidity [%] T_2 38.16 80.56 - -
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Bench Relative Humidity 3
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Figure 41. Results for the third Bench Relative Humidity run.

Table 39. Carbon Dioxide metrics for the third Bench Relative Humidity run.

Variable Sensor Minimum Maximum Average Standard deviation

CO2 [ppm]

Ref_IN 394.42 403.21 397.29 2.59

K30_21 393.69 400.28 396.63 1.79

K30_22 393.31 400.31 395.75 1.55
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Correlation for the Bench Relative Humidity 3
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Figure 42. Scatter plots for the third Bench Relative Humidity run.

Table 40. Linear fit metrics for the third Bench Relative Humidity run.

Sensor Predictor Slope Y-Intercept R2 RMSE

K30_21

Pressure -0.28 27483.54 0.32 1.48

Temperature -0.95 419.17 0.29 1.51

Relative Humidity 0.02 395.46 0.02 1.77

Ref_IN 0.59 161.25 0.73 0.92

K30_22

Pressure -0.08 7801.26 0.03 1.52

Temperature -0.68 411.93 0.2 1.39

Relative Humidity 0.05 393.19 0.15 1.43

Ref_IN 0.38 246.1 0.4 1.2
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9 Ideal Pressure Time Response
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Figure 43. Example of idealized signal for pressure time-response correction. It is important to note that the referred idealized signal is

an artificial signal with the pressure error but without the pressure time-response error. Therefore, ideal means the ideal impact of pressure

(without pressure time-response error). It serves only as an evaluator of the pressure time-response algorithms. It should not be used for any

pressure correction algorithms. The ideal signal was generated using the timestamps of the pressure step changes and the CO2 values of the

K30 after stabilization, after the step change.

10 Temperature Li-820 (Ref_OUT)55

In all experimental condition tables in this document, the reported temperature for the optical chamber of the Li-820 (a.k.a.

Ref_OUT) is 50.91 degrees Celsius with its standard deviation equal to zero. This may appear to be a manuscript preparation

error (e.g., a copy and paste error), but it is not. To investigate the matter we first evaluated if our dataset ever showed any

temperature different than 50.91 for this sensor. At beginning of all experiments our loggers recorded the warm-up ramp of

this sensor with temperatures below 50.91 (as can be seen in figures 44 and 45). However, after this warm-up period the sensor60

does not report a value different than 50.91. Analyzing the temperatures reported by the Li-840A (a.k.a. Ref_IN), the largest

deviation reported by this sensor for all experiments was 0.02 degrees Celsius. Therefore it is possible that the analog to digital

converter (ADC) in the Li-820 is not capable of detecting these small fluctuations. Another contributing factor to the standard
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deviation equal to zero, is our data trimming strategy. We only calculates the deviation for the test periods. At the beginning of

each test period, the Li-820’s heater has had at least one hour to stabilize temperature of the sensor’s optical chamber. At this65

point we do not have any reason to believe any malfunction on the sensor.

Experimental Conditions for Mesonet Run 2 Temperature
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Figure 44. Complete data series for the experimental conditions of the second run of the Mesonet Temperature and Relative humidity

experiments showing temperatures lower than 50.91 for a minutes.
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Experimental Conditions for Mesonet Run 2 Temperature

95000

96000

97000

98000

99000

100000
Pr

es
su

re
 [P

a]

0

50

100

0

50

100

R
el

at
iv

e 
H

um
id

ity
 [%

]

22:12 22:14 22:16 22:18 22:20 22:22 22:24 22:26 22:28 22:30 22:32 22:34 22:36
Time (UTC) May 17, 2022   

10
20
30
40
50

Te
m

pe
ra

tu
re

 [°
C

]

Ref_OUT Ref_IN T_1 T_2 T_3 Chamber Value

Figure 45. Zoomed view of figure 44 showing a temperature variation of the Li-820 (a.k.a. Ref_OUT) optical chamber.
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