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TRC-Development: JOSIE 2009/2009 Data Conversion Efficiency TRC: Calibration Functions 7. (P)

1. ASOPOS (Assessment of Standard Operating Prqcedures for onne-Sondes) 2.0 (GAW Environmental Simualtion Chamber at Jiilich JOSIE 2009/2010 Design: JOSIE 2009/2010 & 2017 JOSIE 2017 SST 1% Kl & 0.1 Buffer
Report No. 268, 2021) formulated three outstanding problems in the performance of ECC- orid Catbraton SeRer ol D2ere Bonees LVES0S) . Two manufacturers (18 x SPC & 18 x EN-SCI) > Linearly increasing bias with decreasing > S0, determined from laboratory
ozonesondes Iin the global ozonesonde network: ’W , .  Two standard Sensing Solution Types (SST): Logo(pressure) very similar for mid-latitude and time response tests at RMI

:‘?t):i::t:;:)mitry 2K1+03-> 12 (Johnson et al. 2002 ., Pumo Efficiencies «omgrime Response (Voemel et al, 2010) A | - i SST1.0 = 1.0%KI/1.0 Buffer tropical ozone profiles: Lumped JOSIE 2009/2010 3 Sjightly linearly decreasing bias
Ry — Dt i. SSTO0.5 = 0.5%KI1/0.5 Buffer and 2017 together. with decreasing Logq(pressure)

« Simulation of mid-latitude vertical profiles
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Stoichiometry sensing reaction 2KI+0O5 -> |, Old pump efficiencies (K86&K95) ECC ozone signal is composed of a fast (20-25 OSIE2000: Simtiaton Ru N 140 ot 11 Docermbar 2008 - - - ;
- Dependent of Kl and pH-Buffer strength are too low compared to newer sec.) and slow (20-25 min.)time response, O aseent: ECC-Data + OPMData = = =
» Not well understood and quantified. ones ( CMDL, UWYO, JMA). which is still not corrected for. JOSIE 11000 = ‘ ‘ 2] v ] 2 -
o i .. i 7 3 1001 - (3 1004 @ 1007 o
2. Within ASOPOS 2.0 a new concept of using better pump efficiencies (JMA: Nakano et 1:222 E & g e
al., AMT, 2023) and resolving the slow and fast signal components was developed S RT4 +;': =
(Tarasick et al., ESS, 2021 & Vomel et al., AMT, 2020). — ;J[L -
3. In this study this concept has been further investigated and developed by using the g 6000 RT3 1000 L ) M| g0 - ., aE ool v, 1 X
£ 1 -20 20 20 0 20 -20 20 20 0 20 20 0 20 20 0 20
JOSIE 2009/2010 and JOSIE 2017-SHADOZ data and comparing to the reference 5 % RT?2 (Sonde - OPM)/OPM [%] ~ (Sonde - OPM)/OPM [%] (Sonde - OPM)/OPM [%]  (Sonde - OPM)/OPM [%] (Sonde - OPM)/OPM [%] (Sonde - OPM)/OPM [%]
ozone photometer (OPM at WCCOS) (Smit et al., in press AMT, 2023) to achieve: z > Linear regression of rel. differences of sonde to OPM of TRC method is the correction
» 3000 . . . . g . .
e Time Responses Correction (TRC) through convolution and deconvolution of 2000 ° RT1 term of the overal conversion eﬁ:lClency Nc when d@Vlatlng from one (dOtted Stralght llne).
the measured ECC ozone current and proper treatment of background current. 1000 | > Calibration function is overal 5. (P) calibrated to OPM: N¢(P) =1+ a+ b -Log.o(P)
« Calibration functions to quantify the unknown stoichiometry. E S » The calibration coefficients a and b are determined for each pair of sonde (SPC or ENSCI) and
. Ozonesonde data traceable to one common standard: the OPM of JOSIE. ECC (1104 ) O3 Pressure (mPa) sensing solution type (Table 4 in Smit et al. 2023, AMTD in press) TRCC = TRC + Calibration

PrimaryFI::;Itlir:r? E:;l?:’)an;z'f Kl + 0, Response tests during pre-fllght preparation: Determination SSIOW Factor: _ 2009/2020PM. 2009/2010 SPC/SSTLO __ 2009/2010 EN-SCI/SSTO.5 ‘ 2017_OPM- 2017 SPG/SSTLO 2017 EN-SCYSSTO.
i M Im:EZIEZ"EIei d. Before_ 03 exposure, flushing ECC-cell for 10 min. with I— 136-3 ENSCI SST 1.0 3. Using JOSIE 2()()9/2()1() IECC(t)'IBo and IOPM(t) (OPI\/I — 10] A\ : / / : / /,; 10- e 5 /: ' /,'
N {"..‘L“Q;i‘é.PEeiE.eSZZ)yoﬂMmM)] zero air: Igg = e IO Ozone PhotoMeter as JOSIE reference at WCCOS) - \ | E - |.i' | B : | l.'
g b. O3 exposure of cell: 10 min. with 5 yA Os. 1003 \ Y g b. Ipp(t) is derived from P5(t) of OPM (Eq.2) with Tp(t) s ) : : s i |
: 012 c. Flushing cell for 10 min. zero air: Ig4, stop flushing T | and new pump efficiency of JMA (Nakano et al., 2023), C | i | ¢ S\ | b
g : ~——= d. No flushing until ¢ = 60 min. & flush 5 min. zero air: “10 / | while 77,= 1.0 and 7= 1.0. =/ | : : U1 =
3 FaSt e Igs0 & Stop flushing - 10_2_3\, | | ‘ c. Convolution of I5p,(t) | | :Empf'f& o e | :g”‘“i& o & | | :F’"‘“L& feferee) | :"”“”;& e
i Lo eleeals | e. Noflushing until =120 min & flush 5 min. zero air: Ig2 W d. Atend of each response test (RT1, RT2, RT3, and R4): | | e | —rumemp. ':» | | —rumprem. | —rumprems.
T I S , N o : | b 0 1L R | vk IO 9 A | | s O 10 | v 20
L e T Results: R e A N -1 Remaining (leceft)-lgo) signal is the slow part of Iy (t) JUCICIE 3 3 SNSRI SO St SO L JO - - SR SOOI SR
Siow Time Resnonss: S Time resnonses. o 2 = e ii. Ratio of.slow §|gnal and cor.res.pondlng convolved
Secondary Reaction Pathway (Buffer) P - Trast™ £9 SEC. & Tgion= 20 MIN. lopm(t) signal is the slow stoichiometry factor Sy, » Background current (Igy + I;o(t) ) in the troposphere and conversion efficiency in the
"3 i > Slow response is independent of flushing. 2009/2010 J0STE stratosphere are the dominant uncertainty sources
. T et > At t=60 & 120 min remaining current approaches Ig, Results S, Factor:
- mmopoeyitigom)| 3 Igo Is independent of past O3 exposure, i.e. ECC-cell : o100) = T i ' » No difference between SPC and EN-SCI using same SST
i;; "3 property: Igy is constant. e : L > Stoichiometry factor S, of slow reaction pathway
> (Ig1—Ig) is the past ozone exposure dependent part of s EF ¢ 7 Detween 0.017 and 0.050 (uncertainty = 20-30%) . .
8 the background current with a chemical origin. ‘; EIJ | 51: : > Larger Sg,,,, for larger Kl and buffer strength COﬂClUSIOnS and Recommendations
0001 > (Ig1—Igp) Is the result of a slow secondary chemical — > Different behaviour between SPC and EN-SCI using | o S
reaction pathway, which is directly related to the N same SST has its origin in the primary, fast part of the 1. The new concept of using realistic pump efficiencies (here JMA-Nakano et al., AMT,
B A S A S A A A phosphate buffer strength. conversion of O; into |,, and not in the slow part 2023) together with resolving the slow and fast components of the ECC signal through

LLGALLD use of convolution and de-convolution is very promising, and is an in-depth study of
recently work reported by Voemel et al. (AMT, 2020) and Tarasick et al. (ESS, 2021).

2. The new methodology solves three inconsistencies in the conventional method of data
processing: (i) improper pump efficiencies (K86 and K95); (ii) improper background
correction and (iii) time delaying effects through two different time responses

ECC-Current: Resolving Fast & Slow Component JOSIE: Conventional Versus TRC Method

3. The stoichiometry factors of the slow reaction pathway and the conversion efficiencies of

The overall measured cell current I,(t) is: Conventional (GAW No.268) Time Responses Correction (TRC) of pairs of different types of sonde and sensing solutions have been d_erived from JOSIE

IM(t) — IFast(t) T ISlow(t) + Igy or IFast(t) — IM(t) — ISlow(t) — Igp (Eq. 1)  Improper Komhyr pumpefficiency (K86/K95) ° Correct pumpefficiency (Nakano, 2023) 2009/2010 and are thus traceable to the common OPM as reference instrument.

| | o » Constant background current Ig, correction ¢ Constant background current Ig, correction 4. The conversion efficiencies are represented by linear Log,y(P) calibration functions
a. Fast current component (Ig,o;With 7, = 20-25 sec.) with stoichiometry Sg_¢; of the fast | o . | _ | o _
- - - - » Constant conversion efficiency 7.= 1.0 * Resolving Isjou(t) and Ig.s () 5. Through the introduction of simple calibration functions data of the global ozonesonde
reaction pathway converting O; into |,, which is close to 1.0. |
_ | _ o network can be made traceable to one reference standard, i.e. the OPM of WCCOS

b. Slow current component (/Ig,,, With g, = 20-25 min.) with small stoichiometry Sg,,, of JOSIE 200972010 SPC/SSTLO JOSIE 200972010 EN-SCISSTO S (JOSIE).

the secondary pathway in presence of phosphate buffer producing additional lodine (I,), o] |t pereamee Dy fesnssee | JOSIE 2009/2010 (TRC): Mid-latitude

6. The new concept is not affecting the quality of the performance of the ECC-sonde, but it

which is of the order of 0.0 to 0.10. , : ,
IS a new methodology of post-flight data processing.

c. Ig,, acts as that part of the background current that is past ozone-exposure dependent.

» Large reduction of relative differences
around response time (RT1..4) intervals

» Independent of past ozone exposure

» Slightly linearly increasing bias with
decreasing Logo(pressure) (dotted line) 8. Unsolved is the underlying chemistry of the redox reaction of O3 + Kl in detail, this
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/. The algorithms to be applied (incl. the low-pass filtering) are straightforward and relatively
easy to implement in existing data processing software.
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d. Because Sg,, << Sg.s; aNd 75y, >> Teast, Ision, CAN be determined by convolution of
Iy (0)-1goWith Tg= 20-25 minutes, and treated as a time varying background current.

a. I (1) can be de-convolved to resolve any delay effects in the profile caused by the (S;n-gg_','o.z;a " (s;n-sg_'QO;os;a o (s;n'é'z-"gé'& 0] (5;552-';}03'& % iIncludes the different performances between EN-SCI| and SPC sondes when operated
20-25 sec. time response, such that finally the ozone partial pressure measured by the with same sensing solutions.
ECC'Sonde iS. {OSIE 2017 SPC/SSTl.OI J(?SIE 2017 EN-SCI/SSTO.SI .
Al o T || | TS JOSIE 2017 (TRC): Tropics 9. Use of high quality zero air filters during sonde preparation (SOP's) is required a-priori.

P =—x *
O3 2-F (nr*®Pp)

> Large reduction of relative differences in 10.Regular pump efficiency calibrations at low pressures are essential for proper QA/QC

tropopause region (100-150 hPa)
11.Follow strictly the Standard Operating Procedures formulated by ASOPOS (GAW Report

Ind dent of past
n. epen. N p 9° oz.one e,XpOSl_Jre No. 268, 2021: https./library.wmo.int/idurl/4/57720 ).
Slightly linearly increasing bias with

decreasing Logo(pressure) (dotted line) The present study in detail and all references are in Smit et al., -3 _ &
AMTD, 2023 (in press): https://doi.orq/10.5194/equsphere-2023-1466 [s]¢

I;,.. ,whereby % = 0.043085 and nr =Mn4*np xN¢ (Eq. 2)
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f. Total efficiency 7, is: 7, = Absorption efficiency , 77, = Pump efficiency, b
and 77. = Conversion efficiency (initially set to 1.00) |

P

A\

f. The conversion efficiency is finally determined from comparison with the JOSIE-reference ozone : e
1000 — e e U s e S s 1000 — B B s — ———
photometer (OPM): Introduction of calibration functions (Sonde - OPM)/OPM [%] (Sonde - OPM)/OPM [%] (Sonde - OPM)/OPM %] (Sonde - OPM)/OPM (%
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