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Ozonesonde data constitute a mainstay of satellite calibration and are used for climatologies
and analysis of trends, especially in the lower stratosphere where satellites are most
uncertain. The electrochemical-concentration cell (ECC) ozonesonde has been deployed at
~100 stations worldwide since the 1960s, with changes over time in manufacture and
procedures, including details of the cell chemical solution and data processing. As a
consequence, there are biases among different stations and discontinuities in profile time-
series from individual site records. Since 1996 the Jilich [Germany] Ozone Sonde
Intercomparison Experiment (JOSIE) has periodically tested ozonesondes in a simulation
chamber designated the World Calibration Centre for Ozonesondes by WMO. In October-
November 2017 a JOSIE campaign evaluated the sondes and procedures used in SHADOZ
(Southern Hemisphere Additional Ozonesondes), a 14-station tropical and subtropical
network. A distinctive feature of the 2017 JOSIE was that the tests were conducted by
operators from eight SHADOZ stations; Nairobi, Natal, Irene, Costa Rica, Paramaribo,
Reunion, Hanoi, Kuala Lumpur. Experimental protocols and preliminary results for the
SHADOZ sonde configurations, which represent most of those in use today, are described.
SHADOZ stations that follow WMO-recommended protocols record total ozone within 3%
of the JOSIE reference instrument. Instrument biases noted in prior JOSIE and field tests like
BESOS (2004) were noted in JOSIE-2017, with maximum effect in the stratosphere. In June
2018 we organized a series of dual launches during the OWLETS Il campaign in the
Maryland and Chesapeake Bay area (SHALLOTS = SHADOZ-OWLETS ParalL Lel
Ozonesonde Test Study). Instrument and solution types were varied as in JOSIE-2017 and
three radiosonde-ozonesonde variants were tested. An example of a parallel sampling in
SHALLOTS, from a Greenbelt EnSCI-iMet sonde combination flown with the Wallops SPC-
LMS package, is illustrated in the Figure. The result was a range of biases but in general the
instrument combination (EnSCI-iMet) deployed at 11 SHADOZ stations recorded ~5-10%
less ozone in the stratosphere than the SPC ECC sonde flown with a Vaisala or LMS system.
These 2017 and 2018 results and prior JOSIEs demonstrate that regular testing is essential to


https://ams.confex.com/ams/2019Annual/meetingapp.cgi/Person/182938

maintain best practices in ozonesonde operations and to ensure high-quality data for the
0zone assessment communities.
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« What/Why/Where is SHADOZ (So. Hemisphere Additional Ozonesondes)? J. Witte Talk

« What/Why/Where is JOSIE (Julich Ozonesonde Intercomparison Experiment)?
« Why a JOSIE-SHADOZ?

 Results Part 1: JOSIE-SHADOZ, g Oct-3 Nov 2017 at World Calibration Centre for OzoneSondes (FZ-J)

« Two 2-week sessions, each with 4 SHADOZ groups plus coaches and referees. Total 20 organizations in
Asia, North America, Africa & South America

« What was tested in JOSIE-SHADOZ? 10 ozone profile simulations in each session

« Specific Issues/Goals/Questions for a JOSIE-SHADOZ campaign:

« How do ECC ozonesondes prepared using both community-accepted and variant procedures compare to
the ozone reference photometer in the FZ-J chamber?

 Results Part 2: SHADOZ-OWLETS ParalLLel Ozonesonde Test Study (SHALLOTS)

« Field tests of dual/“parallel” ozonesonde launches in 2018: How do those results compare to the results
obtained in JOSIE-SHADOZ?
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"Strategic” sonde network coordinates
tropical/subtropical launches for stratospheric
scientific studies, trends analysis and satellite
algorithm and validation

Data and images available at:
https://tropo.gsfc.nasa.gov/shadoz.
Operators from 8 circled Stations took part in
JOSIE-SHADOZ 2017 lab tests

What/Why/Where Is JOSIE?

JUlich World Ozone Calibration Centre chamber
tests 4 sondes. "JOSIES” since 1996 form basis of
WMO Standard Operating Procedures (SOP)
Chamber simulates O,-P-T profiles for typical
tropical/mid-latitude/polar conditions at balloon
"ascent rate.” Each sonde profile is compared to
Reference O, Photometer or "OPM”

Main variants in sonde are instrument (batch,
manufacturer) & sensing solution type (3SST)




Why JOSIE-SHADOZ? Example of Station Ozone Discontinuity

January 2016

Costa Rlca (9.9° N) Sonde, Satelllte Comparison

Sonde O, comparisons [ | | 0 s
with Aura MLS O, g”’ H‘ i li Ml\ J MLS 0> &
profiles (top), and total ¢ I: | “h | , ﬂ | | ‘ Stratosphere [l
column O, from Aura 3 o ‘ ”M“ | 1 ” Offset 024
OMI and S-NPP OMPS & o I AR 0 p R R R |||f| i || i | || |||1 -
(bottom) at CostaRica=> 2 40y ' o
2 20 ¢, e . S
N N Y R I I PR UL OMI & OMPS
Around 2015-2016, a few S 0 '5.“,‘!.{";\.?%'-&*;3}’3???%.'::::'a":bcgﬁfﬁx.% Aol Total O, Offset
SHADOZ sites began S 50" : ’ £o. 00 AWV
measuring lower O, g 40 | | |
compared to satellites & 0 100 200 300

Profile Number

ground-based data (not
shown; Thompson et al.,
201y; Sterling et al., 2018)

Top: Sonde minus MLS O, mixing ratio at MLS pressure levels. Bottom: Sonde
minus OMI & OMPS satellite Total Column O,




q JOSIE Testing of SHADOZ Instruments & SST

« What was tested in JOSIE-17?

e “WMO-recommended” sonde/SST combos =
(SPC1.0% Kl 1.0B, EN-SCI 0.5% Kl 0.5B)

- Some stations employ low-buffer "NOAA"-
variant, 1% Kl with o.1 buffer with EN-SCI

- “Batches” of older sondes to test for
discontinuity issue (previous slide)

« TESTING Protocol for each 2-Week Session
with 4 SHADOZ groups:

« Week1: 5tests with"SHADOZ"” SOP*
- *7 of 8 operators at JOSIE follow WMO/GAW
="SHADOZ" SOP on following slide

« Week 2: 5tests with "NOAA/JOSIE” SOP Cells with Sensing Sol'n

PHOTOS - Upper: Session 1 Coaches, 4 SHADOZ operators
Bottom: Session 2 Coaches, 4 SHADOZ operators, FZ-J staff 5
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Campaign 2, Simulation 182
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Compare “"NOAA/JOSIE" Profiles to JOSIE Reference Profile

Summary statistics for "NOAA/JOSIE"” recommended procedures
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How do Field Tests Compare to JOSIE Results?




* Post-JOSIE field tests of ozonesondes: OWL ETS

1) \\Batchesll (2012 VS 2017) Ozone Water-Land Environmental .ranstioy
2) WMO and "NOAA" SSTs ‘ T

III

e June-July 2018, 10 "paralle
ozonesonde flights at three host
locations (NASA/WFF, UMBC, HUBV)

.
-
*
"

o
Charlotte

e Analysisincludes dozens of profiles from OWLETS-2
(2028) Mid-Atlantic US air quality study

Preparation of “parallel” ozonesonde (two radiosondes,
two ozonesondes) at NASA/WFF in June 2018 9




Field Test: 2012 vs. 2017 Batches of Ozonesondes

Sonde, MLS 03 Comparison from 20 UTC, 01 July 2018

Three ozonesondes launched at | s ‘ | ‘
. I * o
the same time (GSFCand UMBC o[ Y :
parallel) on 1 July 2018 Moon TS
...
, L0
S 25 3’;:’ .
Comparisons with MLS O, = | ‘;:,‘!
H . il 40 B Y ) .‘.. = —
profiles shown in grey 5 5ol et |
wv | “"
70l o & o SwTEN 850 * -
o ﬁ ¢:...
. ]00 — - 7~ oW e & LI . . H
New ozonesonde performance is i il Sonce S 0, QMR LD
. . ov ° : . :
identical to the older ozonesonde 150 = UMBC Sonde: 314 DU, OMPS: 313 DU
(GSFC). All sonde measurements ;08 " | | | | MLS O, within 18 hrs. of profiles
. . 5 I I T
within a few percent of MLS and 0 2 4 6 8 10 12 14
within 3% of satellite total O, O, Partial Pressure (mPa)
from OMPS Ozonesonde O, partial pressure profiles compared to coincident MLS O, partial pressure profiles

10

16




Field Test: WMO and NOAA O, Sensing Solutions

Sonde, MLS 03 Comparison from 17 UTC, 29 June 2018

Four ozonesondes launched at 7 | — : | | |

the same time (GSFC and UMBC
parallel) on 29 June 2018. All new

10 ¢ Seawe

>y N

o T “ry
.ﬁ.. .

ozonesondes. 7 o '},’:‘%b

T 25| ":t"""
The GSFC sonde with the = "?? {
"NOAA”SSTis lowerthanthe 5 207 U
other sondes that use the 3 ol ,;.':f«'n"'--

o. L

"standard” sensing solution

Other tests, e.g., Hilo SHADOZ
launch (4/18) have shown the
opposite!

Bottom Line: Need more
statistics from field tests of
differing O, sensing solutions

100}
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Y
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HMI Sonde: 326 DU, OMPS: 319 DU

e GSFC Sonde: 299 DU, OMPS: 319 DU

» UMBC Sonde: 313 DU, OMPS: 319 DU
HUBV Sonde: 309 DU, OMI: 317 DU
MLS OSPP within 18 hrs. of profiles

2 4

10 12 14

03 Partial Pressure (mPa)

Ozonesonde O, partial pressure profiles compared to coincident MLS O, partial pressure profiles
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¢tdaik SUMMARY AND CONCLUSIONS

« Current SHADOZ practices, w/ WMO/GAW or NOAA SST,
give excellent results vs JOSIE Reference.
 JOSIE-SHADOZ confirms that SHADOZ user community goal of
> 5% accuracy, minimum station bias has been met

« WMO/GAW (3% higher than Reference) & NOAA low-buffer (3%
lower) offsets resemble JOSIE-2000, BESOS field tests

« Partnering and capacity building in JOSIE and SHADOZ =» have
sustained long-term sonde records of high quality

« SHALLOTS 2018 results confirm JOSIE-SHADOZ findings
on offset of WMO vs NOAA SST and instrument type.
« However, results not always consistent.

« More Lab and Field tests needed for statistics, transfer fcns.

« Activities like JOSIE-SHADOZ and SHALLOTS are
essential aspects of a “global ozonesonde community”
that creates protocols and “"Standard Operating
Procedures” based on joint experiments & consensus!

D-2017-311-0.

Bull. Am. Meteor. Soc., 10.1175/BAMS-
January 2019 Issue

OZONESONDE QUALITY
ASSURANCE

The JOSIE-SHADOZ (2017) Experience

Arpie M. Thowsrson, Hermas G. . Seim, Jacquenrn C WirTe, Rras M. Staures,
Bavan ). Jornson, Ganr Moars, Peter vor pes Garven, RoeLann Van Mavioesen,
Jossamraan Davies, Arsce Prieas, Manc Avsar, Frarecome Posnr, Rigee K, Patick Cueus,
Mouren Ten Hoans Ank, Esnesto Cospaces, Tsiion Macrreea, Francisco B pa Sava,
Geosce Paran, Kenneor Thions'o, Zarmuma Zanar, Georce B, Bromoess, Kamnenne R Woures,
Tarsuen Maxano, Rene Srom, Gonzacue Rosamens, Gert |. . Coerzee, Josce AL Diaz,
Sukazra Mirro, Maznorzas Monasan, anp Sain-Ta Ozino

As a badkbone for satelite algonithms and monitoring stratospheric czone

recovery, ozonesondes require regular evaluation, here performed by operators

af the tropical SHADCE netwark.

he periodic ozone assessments sponsored by
T Albritton et al. (1991, 1995), Ajavon et al. (2011,

2015), and related studses have long recognized
the role of ozonesondes In the sutte of global obser-
vations because sondes are the only technigue prac-
tical for in site monitoring of profiles. The sonde
Instrument 15 easy to-deploy in remate locations 2nd
1s relattvely Inexpenstve. Sondes operate in both the
trapasphere and stratosphere (see sidebar “Ozone In
the Earth’s atmosphere™) and in chowds, preciplta-
tton, and periods of darkness. Most important, as
they ascend, ozonesondes measure ozone with an
effective resolution of 100-150 m, far better than
satellites. Indeed, sondes, like the ground-based
networks of 1idar, Dabson, and other spectrometers,
constitute an essentlal component of satellite call-
bration and cross calibration (Fishman et al. 2008;
Hubert et al. 201&; Stetnbrecht et al. 2017 Tarasick
etal. 2018, manuscript submitted to Elementa). The
vertical structure of ozone as measured at a typical

AMERICAN METECROLOGICAL SOCETY

troplcal station appears in the “COrzone in the Earth’s
stmosphere” sidebar. 2long with background on
azone in the atmosphere. Although dozens of sta-
tions began launching oxonesondes in the 1970s and
19808, the concepts of standardizing and testing
instruments in 2 coordinated network did not evolve
until the 19905 (Mohnen 1996; Melamed et al. 2015).
This was the period when both JOSIE and SHADOZ
began (see the appendix for 2 list of key acronyms
used [n this article).

Over 50 years of ozonesonde data taking, there
have been several Instrument deslgns. Furthermaore,
a5 Instruments have changed and preparation and
data-processing techniques have evolved over time,
time series of data from Individual stations often
display discontinuities and gaps that lead to inho-
mogeneous data records. Thus, the reliability of
oronesonde trends was questioned 1n some of the
earller ozone assessments (Albritton et al. 1991, 1995;
Harrls et al. 1998).

JAMUSRY 2009 BAE |
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qﬁ Why a JOSIE-SHADOZ? Impacts of Sonde Variations

La Reunion Is., France

Reprocessed SHADOZ data, designed to _ a2l Y .
f\homogenlze”crgom records to account for S a00|- S '
instrument and SST motivate JOSIE-2017: Zamlk | 2 Ba B 2N SFTL I E g A e
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1. Discontinuity associated with SST change ofMemp ooy | Memesmriesny,
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Does it originate in EN-SC| instrument changes? Seof
Costa Rica (Middle), Hilo, HI (Lower)
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q@“, . First Post-JOSIE-SHADOZ Field Test (Hilo, HI; April 2018)

» Solutions prepared by NOAA, same EN-SCI batch
« Sonde prep, WMO/GAW SST by Anne Thompson, NASA

« Sonde prep, "NOAA" SST by Bryan Johnson, NOAA

« Opposite result to JOSIE-SHADOZ (201&)

« In stratosphere, NOAA (HH343) is slightly higher than
NASA (HH344). Offsets shown in Upper panels

« Similar offsets when compared to MLS, Lower

« But NASA/WMO O, total column agrees better with
OMPS satellite than NOAA (within 1 DU vs 4 DU)
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1000 o o 3 ] .
0 5 10 15 20 -4 2 2 4
Hilo, Hawaii: 2018/04/20, 19:11:21
HH343 - 1% 0.1B (NOAA) L
HH344 - 0.5% 0.5B (WMO) | |
' e 1 1or N
| Bl
I% ]
] . I
1 1\ ]
] I
R
RS
1 ]
1 ]
1 ]
]

Hilo, Hawaii: 2018/04/20, 19:11:21

10F

100

-1000.|.{.’..|.-
- 0
™A
I T

| 1 1 1 1 1 1 1
60 -40 -20 0 20 40 60
(Sonde-MLS)/Sohde, %




S

CI’M

« Mean "SHADOZ" Total Col. ozone = 3% Higher than
Ref. Mean “JOSIE/ NOAA" Total Col = 3% Lower than
Ref. TTL improvement with "JOSIE/NOAA" reduced
bufter is offset by reduced response at strat. O,
maximum (Upper)

« How does this compare to JOSIE-2000? Similar!
NOAA low-buffer recipe in JOSIE-2000 recorded ~5%
IessO than WMO/GAW SST (Johnson et al., 2002; Smit et

al. 2007, Thompson et al., 2007)

« How do instrument biases with same SST, EN-SCl vs
SPC, in JOSIE-SHADOZ compare to JOSIE-20007?

« For same SST, EN-SCl readings in JOSIE-2000 were ~5%
higher than SPC

« Result confirmed in JOSIE-SHADOZ-2017 (Lower)

Summary of JOSIE-SHADOZ Ozone Results
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Table 2: SHADOZ stations operating at least 10 years between 1998 and 2017
*QOperated Meisei RS 11-KC79D radiosonde-ozonesonde system 1992-1999; Vaisala RS80 1998-2013.

Latitude, Longitude | Current ECC Current Radiosonde
Sensor
Pago Pago, Am. Samoa 14.23S, 170.56W ENSCI iMet-1
19.40N, 155.00W ENSCI iMet-1
San Cristobal, Galapagos, 0.92S, 89.60W ENSCI Vaisala RS92
Ecuador Ellﬁ!&lr Ui alad Paricipaats
San Pedro, Costa Rica 9.94N, 84.04W ENSCI iMet-1 Nime Aflilintion o Coaniry
81N 21W SPC Vaisala RS > {-h.ltl't-l.' Hrarhers MARA 'ﬁﬂl\.'\{\n |'|t‘h.||: I'I.l.!hI:r LT
Paramaribo, Su 5-61N, 55. _ 9 Katberine Walll NASAWallops Flight Facility USA
Ascension Is., U.K 7.98S, 14.42W ENSCI iMet-1 Hyan Stanfler NASA Goddan] Space Flight Cener Usa
Natal, Brazil 5.42S, 35.38W SPC Lockheed-Martin- .
Sippican LMS6 i YA Loaches
. . ol JHianm Cl.'lll-'ﬂi
Irene, S. Africa 25'9051 28.22F SPC Vaisala R592 Mare Allaarl Kaoval Metheslands Ml.'ll.'ull.l'l.lyl...ll Peobet linds
1.27S, 36.80E ENSCI Vaisala RS92 Institul
2110, 55.48E ENSCI Modem M1o0 Sr S~ e S ca
Kuala Lumpur, Malaysia 2.73N, 101.70E ENSCI GRAW DFM-0g .?__ i S H:";’:'i;E e i
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