Ozonesonde Measurement Principles and Best Operational Practices
ASOPOS 2.0 (GAW Report No. 268)

(Assessment of Standard Operating Procedures for Ozonesondes)
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What are examples of ozonesonde Data Quality Indicators (DQI)?

Screening individual ozonesonde profiles to assess reliability and measurement
uncertainty

Monitor for changes to metadata and measurements in long-term records (Note:
Metadata are covered extensively in Webinar #6)

Assist in performing and evaluating the homogenization of long-term records or
records from multiple stations




Examples of Ozonesonde DQI
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e |ssues with some DQI are Indicator ECC SPC ECC ENSCI-Z Identifier in WOUDC
more common than others *Total ozone normalization factor 0.9-1.1 0.9-1.1 TotalOzoneNormalizationFactor
. . Time to pump 100 ml [s] 25-35 25-35 FlowRateTime
* Note the difference in | e
acceptable Pump Pump flowrate [mI/mln] ................... 170-240 170-240 PumpFlowRate
Temperature values Response time (1/e) [s] 18-28 18-28 ResponseTimeFast
between the two ‘*Pump temperature [K] 278-310 283-310 SampleTemperature
. ackground current before
due to the different exposure to ozone [HA] <0.03 S 0:05 Zso
construction of the ECC O
ackground current after <0.07 <0.07 I
frame for SPC vs. ENSCI exposure to ozone [pA] ' ' 51
Pump motor current [mA] 50-120 50-120 PumpMotorCurrent
o We Will ShOW @Xam @S Of | e
. . Pump motor voltage [V] 12-18 12-18 PumpMotorVoltage
tWO DQUI FrOM @ INAIVIAUAL | ot e et b e et
rofile: Pump Temperature
P d Total O P P Table of common ozonesonde DQI, acceptable ranges for SPC and ENSCI
and 10 _a .zone ECC types, and the identifier name used in WOUDC archived data files
Normalization Factor %
%}%} . P " D =
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Using DQI to Identify Problems in Profile Data

This shows an example from Uccle, Belgium 2

35

The profile on 20081128 measures ozone that is 30
erratic and generally much lower in the stratosphere

25
than is typical for Uccle §

— 20|

©
Using the pump temperature DQI, we see that the 2157
pump is far too cold in the stratosphere, and the ECC Z 10

sensing solutions are likely freezing, leading to the 5 |

strange ozone measurements 0

Total ozone normalization factor (OMI/ECC) is 1.157

Pump Temperature (°C)
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Ozone Partial Pressure (mPa)

(> 1.1). This is an additional indicator that this profile ——20081128 Pump T|===20081128 Ozone [lllUccle Ozone y+10

is of lower quality Average t 1 standard deviation of the ozone partial
pressure from all Uccle ozonesondes (blue). Ozone
partial pressure from the 20081128 profile (black).
Pump temperature from the 20081128 profile (red).
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Other Potential Artefacts: "Ozone Spikes”

,,,,,,,,, NP SN
- Profile data should be examined to identify artefacts L] Sones, Costa Rca ;
not covered by standard DQ e 5731858, (SO, fitered)
-
« This example shows an “ozone spike” at 60 hPa 3
from one of two ozonesondes flown in dual-flight %
configuration at San José, Costa Rica o
o
« These occasional artefacts are not well understood, i
but the affected ozone data should be removed if ’ |
possible prior to final archival (V1] Y A T DT P ]

0 1 2 3 4
ECC cell current [pA]

Dual ozonesonde flight from San José, Costa Rica
showing an “ozone spike” in the red ozonesonde profile
that does not appear in the blue ozone&cnde profile
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Other Potential Artefacts: SO, Interference

« A second example from San José, Costa Rica San Jose, Costa Rica Volcanic SO, Interference
shows the effect of SO, interference from a 35 | | | |
nearby volcano, which produces artificially low 30 |
(sometimes zero) ozone measurements from the >
ECC Gl |

4

~ 20+ —

(D)} an José, Costa Rica Volcanic SO2 Interference
E - ]

« These profiles are common at stations with = 5y . §
nearby volcanic activity, and SO,-polluted stations < 10! $ =
(less of a concern with modern data) : / z, /;

O ‘ ‘ ‘ ’ 0-;S)zone]PartiaI] :ressuri (mPaz)-5 ’

 These measurements should be excluded from 6 2 4 6 8 10 12 14 16
typical ozone analyses, but are useful to include Ozone Partial Pressure (mPa)
in archived data Ozonesonde partial pressure from a flight from

San José, Costa Rica on 20090605 showing
volcanic SO, interference from 3 to 4 km AMSL




DQI Tracking for Long-Term Records

goulder, CO, USA ECC Ozonesonde and Dobson TCO Comparisons
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« Time series of total ozone normalization factor Sl ey T el
. E 105 XL S SRl T e B e
from satellite or ground-based total column ozone s -J-w;u«* Se it TR L SR A

. AR IR v AR Pt 23 it Skt MR AL F AT A Ol S
(TCO; examples at right ) can be used to track ~ Joos *3 Azt o STES B AL 00 0 7 T
long-term data quality changes T 00 T ' ' ]

g quality g | .

0.8 ‘ ‘ | | | |

» Note the long-term stability of normalization factors 1995200002005 2000 2015 2020

Year

at BOUIder (top)’ and a Step Change nOticed in ]Hzilo, Hi, USA ECC Ozonesonde and Ground-Based TCO Comparisons

2014 at Hilo (bottom). Changes to DQI should be —— . | . ]
investigated I N . .
£ TOSER e, 1 T g
- . = ;....‘:':'-' RS _Q“...: ..f ¥ W3, :_c_ ey ..";;_. J ;.v;" Cees % os o 2 e .‘_‘7
* *Do not apply normalization factors to N T T n AR R ot e "'f‘*% ‘;f
. . . m 0.95- .~ F % -:'.,.w"-q_”.t. S 2, R 4. .= .o |

ozonesonde profile data! This is an obsolete ° ol SR -

= 0.
- * Ll L

praCtlce '2 0.85¢ ‘ - Dobson - Brewer‘ |
08 2000 2005 2010 2015 2020

Year

Time series of ozonesonde and ground-based TCO
comparisons at Boulder (top) and Hilo (bottom)
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Accurate Metadata Collection and DQ

« Accurate metadata is vital to link long-term DQ
evaluations with changes to ozonesonde data
quality

» Metadata are a requirement for reprocessing
and homogenizing station data

« Example checksheets (on right) should be
combined with electronic recordkeeping

 More on Metadata in the separate Webinar #6
presentation...
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Varsion: Mar 26, 2018 SHADOZ DIGITAL OZONESONDE CHECKLIST 8

INITIAL PREPARATION - NO LESS THAN 3 DAYS BEFORE FLIGHT.  Operator Initials: | =

DATE (YYYYMMDD): ' *'C 'O gee soNDE SERIAL #: =3 a il
STATION Ascension Sensing Solution/Buffer:
y Cathode Volume: 30cc X or 25cc____ {v)
1. Bun 10 minutas on ng Oy air: =) 12. Run 10 minutes on o Oy _- 7 (V)
2 Pump Curents /(¢ lumla"u 13. Recod O3 Currenl: __ O 7"
3. Pump Pressure A (units?) 14 Run 10 minutes at Q:A Oy (V)
4, Pump Vacuum: __ 97, (unts?) 5. Switch 10 no Oy ar ) - g
5. Bypass Cathode chamber: Yes . No _ 18 Record time 10 drop from 4 % 1,5 pA: 'sec
6. IF YES Acd 5.50¢ Cathode salution: (V) 17. Aun 10 minutes on no Oy: _ (V)
7. Run 30 minutes an HJGHO,.-_'U o) 18. Record O, Current: _") 'yA
8. Run S minvteson np Oy __ 7~ (V) 19, Adn additional 2.5 c¢ cl Cathode ONLY: Yes - No
9. Dump Cathode solution IF Ca'hodn cell bypassed: __~ (V) 20. Short the cell leads: _+ (V)
10. Add the Cathode salution (Wail 2-8 min): _/ (v} 21, Swre in sonde box: " (V)
11. Add 1.5 CC Anode solution: __ -~ (v) 22, Rinsa syringes: W)

IF DORMANT AFTER 1 WEEK REPLACE SOLUTIONS. DATE (YYYYMMDD) -

1. Change Cathode Sotion {3cc or 2.8¢c): _ (v) 6. Switch %o neOy (V)
2. Change Ancde Solution {1.5¢¢): (V) 7. Time ta crop from 4 to 1.5uA sac
3. Run 5 minutes on e Oy ____ (V) 8. Aun 10 minutes on Ao Oy then Record Curent: VA
4. Record Oy Current: i u-\ 9. Add agdisonal 2.5 co of Cathode ONLY: Yes ___ Nao
5. Run 5 minutes on SpA Oy (V) 10. Short cell leads, store in sonde bax, rinse syringes: (V)
- —
DAY OF FLIGHT PREPARATION: DATE (YYYYMMDD): oD e [0 4% INITIALS: _| t‘*
1. Cathods solution ¥ and date of bottle (if apoicatie): /A
2. Remowve original Cathode and Anode solution _~" (V) 2
3. Ninae cela by acding Catlwue el Arus e rarms ramaviny 2 (V)
4. Add Cathade solution u.uz Smin): (V) w3,
5. Add Ancde soluion; _~~_ (v) _~ 12. Room T(€) 2=~ 1 Re) 17 £ pirpa) (005 |
8. Run 10 minutes on r.\o0| W 13. RECORD & FLOW‘QMI:S sso‘m()mu 1S
7. Racord O Current: 1B0 = 40 - €/ uA 21 ,;"_ #2: 220 g3 A
8. Run 10 minutes at SuA Oy~ V) #4: 03 ST, 45 P8 3+ AVERAGE:
9. Switch to 0 Oy: __/ (V) s ., J4. Flowrate Covrect»an (¥ appied) s S & (%)
10. Racord Sme to drop from 4 to 1.5 pAre) Y 73 sec s 15. Final Flowrate
11. Run 10 minutes on no O then record Oy Current- IB1 = 0 // A
) o]
DAY OF FLIGHT LAUNCH PREPARATION  FLT #: /‘, 1a=s INITIALS: 45
RADIOSONDE TYPEModel l‘e Q Vazaia RS92, Modem M10, efc): _ ¢
RADIOSONDE SERIAL # I P INTERFACE # (¥ known) ]
Oy Background current used ::céora launch: 1B2 = _ @~ 4k yA, Final 1B used: @ ph
GMT Launch Date {YYYYMMDD): ’L WMo 10 Of
GMT Launch Time (HH:MMS5) » &t/ LOCAL Launch Time (HH:MM:SS)
BALLOON SIZE: _ Grams. TYPE: Totex ___  Hwoyee _PAWAN ____ (Vone)
NOAAFPH ____ (v) orCFMH _ (V) Serial # (¥ applicable):
Surface Pressure: /)« S (hPa) Surface Wind Speed: __ £+ (ms)
Surface Temp: o/ T b (C) Surtace Wind Direction: __{1 5 (deg)
Sufaca RH: _£3. D (%) Sky Conditions and Remarks:
DOBSON _ (v), BREWER ___ (V), Other (V) _ T (o)
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DQI used to Assess Data Homogenization (OHP)

« DQI can be used to
characterize the changes
and quality/accuracy for
homogenized
ozonesonde time series

« The OHP station recently
homogenized their data
using collected metadata

- Biwesesriihdheogenized
Hatmepgewizrdalbiasarein
threatiptosghees (iOpis is
anceXapbtbm)
saceassfuibmetakiata
collectiorisande
boonegemnizatmpamerally
veriieceusinigiddQCO
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Haute Provence Ozonesonde Satellite Comparisons (Homogenlzed)
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Comparisons of OHP ozonesonde data with Aura MLS in the stratosphere (percent
difference; top) and TCO from 5 satellite instruments (TCO normalization factor;
bottom). See Ancellet et al., (2022; AMT)
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Other Evaluations to Ensure Data Quality

For more information on surface
weather station best-practices,
see Chapters 2-4 of WMO #8:
https://library.wmo.int/doc num.ph
p?explnum id=11386

)
g’.k, Witen

\

« Ozonesonde ground checks against surface * Do not forget about the radiosonde! Verify
ozone instrumentation should be performed surface data against a high-quality surface
where available weather station (p, T, RH, GPS data)

« Maintained long-term records of the » Accurate pressure and altitude registration are
comparisons can also be used as DQ crucial for ozonesonde data quality
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Satellite Data Sources to Evaluate DQI (AVDC)

« ASOPOS recommends, in addition to @ O |
ground-based independent data (if > . /
available), to use Level 2 satellite overpass AN =T
data to evaluate ozonesonde data time ROt ol A
series

OVERVIEW DATA TOOLS DOCUMENTATION LINKS _

OVERVIEW/ HOME

Name Last modified Size

« Level 2 satellite overpass data for hundreds & s oircay -
of locations are available at NASA/GSFC’s T oo s -
Aura Validation Data Center (AVDC) ~fn 00w 5%

L2 Ozone Overpass Data File Links (used in Stauffer et al., 2020; 2022)

Aura MLS: https://avdc.gsfc.nasa.gov/pub/data/satellite/Aura/MLS/V05/L2GPOVP/O3/

OMI: https://avdc.gsfc.nasa.gov/pub/data/satellite/Aura/ OMI/\VV03/L20VP/OMTO3/

OMPS: https://avdc.gsfc.nasa.qgov/pub/data/satellite/Suomi NPP/L20VP/NMTO3-L2/

GOME-2A: https://avdc.gsfc.nasa.qgov/pub/data/satellite/MetOp/GOME2/V03/L20VP/GOME2A/

GOME-2B: https://avdc.gsfc.nasa.qgov/pub/data/satellite/MetOp/GOME?2/V03/L20VP/GOME2B/

GOME-2C: https://avdc.gsfc.nasa.qgov/pub/data/satellite/MetOp/GOME2/V03/L20VP/GOME2C/

Example Comparison Time Series: https://tropo.gsfc.nasa. qov/shadoz/SHADOZ PubsList.html
J6 0o @ @ Quuen @

oooooooooooo
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https://avdc.gsfc.nasa.gov/pub/data/satellite/Aura/MLS/V05/L2GPOVP/O3/
https://avdc.gsfc.nasa.gov/pub/data/satellite/Aura/OMI/V03/L2OVP/OMTO3/
https://avdc.gsfc.nasa.gov/pub/data/satellite/Suomi_NPP/L2OVP/NMTO3-L2/
https://avdc.gsfc.nasa.gov/pub/data/satellite/MetOp/GOME2/V03/L2OVP/GOME2A/
https://avdc.gsfc.nasa.gov/pub/data/satellite/MetOp/GOME2/V03/L2OVP/GOME2B/
https://avdc.gsfc.nasa.gov/pub/data/satellite/MetOp/GOME2/V03/L2OVP/GOME2C/
https://tropo.gsfc.nasa.gov/shadoz/SHADOZ_PubsList.html

Key Points/Summary 1

« Data Quality Indicators (DQI) include measures of the ozonesonde performance during laboratory
preparation, and evaluation of the collected ozonesonde data

* DQI can be applied to individual profiles:
* Anomalous ECC cell or ozonesonde pump characteristics
* Freezing or boiling solution leading to erratic ozonesonde measurements

 Identify problems with either the ECC or ground preparation equipment (high background current,
slow response time)

« Poor agreement (>10% difference) with independent TCO data

« DQI can be applied to track long-term data records:
« Multi-year evaluations against independent TCO from co-located ground-based and satellite
overpass data, satellite stratospheric profiles
« Identification of step changes to DQI resulting from intentional or inadvertent changes to station
practices, or changes to ECC ozonesonde manufacture/construction
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Key Points/Summary 2

« Other artefacts that are less common and not covered by standard DQI:
« “Ozone spikes” from cell chemistry that are not well understood
* Interferences such as from SO,, leading to artificially low ozonesonde ozone

* Accurate and complete metadata collection is vital
 Enables, and is a requirement to homogenize and reprocess ozonesonde data
« Combined with DQI, can be used to assess the changes and improvements to
ozonesonde station time series after homogenization

 Ground checks of the ozonesonde with a surface ozone instrument, if available, and
radiosonde should also be performed
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