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Preamble

d

This ASOPQOS 2.0 Report builds on the earlier
ASOPOS 1.0 (GAW Report No. 201, 2014)

However, metadata was only slightly treated in
the previous report within the context of the
(new) ozonesonde data format.

Metadata has a prominent role in WMO GAW
268, Annex B entirely devoted to it. This Annex
lists and defines/describes the ozonesonde
metadata.

In this Webinar, we will not go through the list of
metadata fields, but focus on the importance of
digitally archiving (which) metadata, and how
this could be implemented in practice.
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1. Aun 10 minutas on 0o 0, air: 7 {v) 12. Run 10 minutes on 100y _ -/ (v)
2 Pump Curent; __/ (unita?) 13. Record O3 Currenl: __ €+ 7T
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6.IF YES Acd 5,50¢ Cathode solution: _~”_ (V) 17. Aun 10 minutes on ng Oy
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1. Cathoda solution # and date of bottle (if appicabie): /A
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)

4. Add Cathode solution n): 2 | : 3
5. Add Anode sclution; .~ (v) 12 Room 7€) 22" 1. ) 17_£ ppnpa) 1005 |

6. Run 10 minutes on 0o Oy~ {v) 13. RECORD 5 FLOWRATES (56c/100mi):
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8. Run 10 minutes at A Oy: _~_(v) #4: 203 3T, 05: SF T AVERAGE_2 3 SO
9. Switch to 10 Os: 2 (V) 14. Flowrate Correction (¥ appled) 5 & (%)
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Introduction

What is metadata?

v Wikipedia: “data about data”, “data that provides information about other data”

v WMO WIGOS Metadata Standard document: “data describing the data”, 10 categories:
(1) observed variable, (2) purpose of observation, (3) station/platform, (4) environment,
(6) instruments and methods of observations, (6) sampling, (7) data processing and reporting,
(8) data quality, (9) ownership and data policy, (10) contact

v ASOPOS report: “additional information to calculate ozone concentrations from the raw data
and to describe the observations”; metadata characterizes the environment under which
ozone measurements were taken, the ozonesonde itself, and how it was used.

balloon
parachute
ozone ground
sonde receiving unit
+ processing il s - Y e\
adiosonde — - P e = ‘ ) v %
b environment ozonesonde
> L preparation &
() @) JULICH @/ characterisation
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Introduction

n Pre-conditioning (prepared 3 to 30 days before flight)
1. Date: YYYYMMDD
What is metadata? ) | £osD

Date of pre-conditioning: YYYYMMDD .
P 9 2. Operator Initials: HV

2.  Operator Initials: JCW . ,
P - 3.  Check tissue under the cells for any leakage:

\/ Du r| ng the Ozonesonde 3. | station 10: o - 4. Remove original Cathode and Anode solution: v/

4, ECC serial number: 2Z00000 or 6A00000

pre pa ratlon, measu rements 5. Add Cathode solution (wait minimum 2 min): 3.0cm? /

S. Manufacture Date: YYYYMM or YYYYMMDD . ,
. 6. Add 1.5cm?® Anode solution:
to Characte rlze the 6. | Manufacturer pump motor voltage (DC): 12.3 . o,
7. Run 10 min of NO-Ozone air: v/
Ozonesonde and |tS 7. | Manufacturer pump motor current (mA): 67 < 120 8. | Record ECC current (Tso) (uA): 0.02 |<0.03
8. | Manufacturer pump flowrate (s/100ml): 27.1/26.1
performance are captured
9. Sensing Soluti Buffer: 0.5% Half Buffer or 1% Full Buffer, or other
(see Webinar #3- SOPS) ensing Solution/Buffer E— <L e 10. Switch to no-Ozone air and|record time to drop from 4 to 1.5 pA (s): 25

10. | Sensing Solution Identifier: Batch date (yvyyymmdd), ID number, or other

9. Run 10 min at 5 pA Ozone:

11. Run 10 min of no-Ozeone air: 2/ o
11. Run on no-Ozone air: v

\/ Some Of these data, nOted 12. Bypaes Ca-thode i:hamber: Ye% —orhe o 12. Record 5 t100 times (s/100ml) to determine flow rate:
On the prepSheetS (See 13. Run 30 min on High Ozone: v/ N 25 10

14. Run 5 min on no-Ozone air: V'

"V H . b. 28.30
ebl nar #3 " SOPS) Shou Id 15. Add Cathode solution (wait minimum 2 min): 3.0cc v/ 00
I c. 28.
be arChlved' 16. Add 1.5cc Anode solution: . 5.0
17. Run on no-Ozone air until the current drops below 0.3 pA within less than 30 min 5
e 28.2

18. Run 10 min on 5pA Ozone: ]
13. | Average tio0 time (s/100ml) for flowrate: 28.20 [should be between 25 and 35 sec/100

19. Switch to no-Ozone air and record time to drop from 4 to 1.5 pA (s): 25 ml)

14. | Lab. Temperature Tws (°C): 274.5
20. Run 10 min on no-Ozone air: v/ Record Ozone Current (pA): 0.07 15. | Lab. Relative Humidity RHwab (%): 55
16. | Lab. Pressure Pras (hPa): 850.5
21. Short cell leads: 17. | After 10 min on NO-Ozone air, record Cell Current (Ie1) (pA): 0.02 £0.07

22. Store in sonde box, with tissue under the cells, and store at dark place: / 18.] Pump Motor Current (mA): 105

19. | End time of preparation (UTC): HH:MM:SS

e
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Introduction

Why archive metadata?

v Needed for processing the data (ozone partial pressures)
v Metadata are a requirement for reprocessing and homogenizing station data.
v' Metadata might be necessary for future reprocessing of the data with new methods.

v" Digital archiving of historical metadata for future generations, in international databases
(WOUDC, NDACC, SHADOZ, NOAA)

v Metadata helps to ensure the traceability, transparency, and data quality (uncertainties).

v Accurate metadata is vital to link long-term DQI evaluations with changes to ozonesonde data
quality (see Webinar #5 “Ozonesonde Data Quality Indicators™)

Which metadata should be archived?

e
R
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Introduction NDACC

WOUDC
Which metadata should be archived? SHADOZ
PTU ozonesonde lab Reprocessed
. ALL
Ozonesonde time Transfer function flowrate Burst pres
Payload Ground equipment Time to pump 100 ml
Background currents IBO, 1B1 Balance weight used for inflation Heating method of box

Type Ozone-free air .
P Launch datefime  Cathode Soln Volume Correction  Ozonesonde/Radiosonde serial number

Pump Correction Vertical averaging/smoothing method
Lifting Solution type/volume Balloon material/brand/type/ /volume/pretreatment
Weather at launch Station latitude/longitude/height

Processing software

= WMO GAW No. 268, Annex B: guidelines to harmonize the metadata definition and content between
the different archives! How much and which data should be archived (min — optimum — max)?

= WMO GAW No. 268, Annex B: guidelines for the (radiosonde system) software providers about
incorporating metadata fields

{2 @) JULICH @’
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Different categories
In WMO GAW No. 268, different categories of metadata are defined:

1. Required Metadata
«  Without which processing of the raw data is not possible

o ' i = Tp - E-2-1
Appear in the ECC equation Py; = 0.043085 * ——t——x (I — I) [E-2-1]

2. Essential Metadata
 To understand the performance of the instrumentation
« Describe most aspects of the ozonesonde preparation and its behaviour during preparation
(prepsheets!)

3. Desirable Metadata
« Needed to fully understand all aspects regarding an ECC ozonesonde observation

4. Obsolete Metadata
« Used/archived in the past, but no added value anymore

e
R
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1: Required Metadata |

Tp

* (I — 1
(Mp*na*NcH®pd) (I = Ip)

O Pump Flowrate (®p,). Ozone data cannot be processed without O,
Day of Flight t100 (®p),, sec/100mL) timing shown -

WMO/GAW #268 E-2-1 > | Pp; = 0.043085 *

0 See GAW #268 Table 4-1 and related equations on humidification
correction of ®py (measured flowrate) to|®pqg

1
l

(il

12. Record 5 ti00 times (s/100ml) to determine flow rate: See Step A-5.4 #31
a 28.10
b.  28.30 Note: Use a stopwatch with .01s
¢ 28.00 resolution (not a cell phone!)
d 28.40
e 28.20
13. i\j;rage t100 time (s/100ml) for flowrate: 28.20 (should be between 25 and 35 sec/100 (DPM Pump ﬂowrate measurement. See:
m .
https://vimeo.com/502869920/2388d5c95a
*ﬁ} @) 30 £ o L
28.03.24 D @ Qanen @ Cr =t S
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https://vimeo.com/502869920/2388d5c95a

1: Required Metadata |l

Tp
(Mp*Na*Nc*Ppo)

WMO/GAW #268 E-2-1 > | Pp3 = 0.043085 * * (Iy —Ip)

"""""""""""

O 4 to 1.5 pA response time (sec) on Day of Flight

O Does not appear in E-2-1 ozone partial pressure equation, butis a ==

7. Run 10 min of NO-Ozone air: v/
8. Record ECC current (Iso) (pA): 0.02 <0.03 See Step A-5.2 #29

Q. Run 10 min at 5 pA Ozone:

4 to 1.5 pAresponse time. See:
https://vimeo.com/502869920/2388d5c95a

10. Switch to no-Ozone air and record time to drop from 4 to 1.5 pA (s): 25

See Step A-5.3 #30

=y
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https://vimeo.com/502869920/2388d5c95a

2. Essential Metadata |

O Background current (IBO and IB1). Recall that IB background
current used in processing is Required metadata. Use IB1!

O IBO and IB1 characterize the performance of the ECC cell

Background current measurement -
https://vimeo.com/502869920/2388d5c95a

O Several stations found high
0.25 1 . . ° o [ 638+
background current.s from Credit: A. Piters, KNMI . oo
sets of SPC ECCs in the | reshon
~38000 serial number range | ... .
) é 0.10 1 oo . . .
O Example from Paramaribo **° e e ®
Shown (blue dots) 9 0.05 A :.L...‘.........."... ..... . .. ..... #..
0.00 A ® ¢
) a@an @) JULICH @’ ) e U
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https://vimeo.com/502869920/2388d5c95a

2. Essential Metadata |l

 Date or # identifier for Sensing Solution Type (SST) is useful for tracking any ECC performance

changes related to SST batch

Q Careful preparation of ECC sensing
solutions is critical to ozone data quality.
See Webinar #2 Sensing Solutions:

Requirements
50
g s
. . . E
d Example: Lindenberg use SST identifier 2, |
to investigate a recent high bias in ECC g :
ozone at their station - 8 35
2
30
Y -
@ @ 9) J0LicH

28.03.24
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Manufacturer pump motor current (mA): 67 < 120

See Step A-4.1 #4

8. Manufacturer pump flowrate (s/100ml): 27.1/26.1

9. Sensing Solution/Buffer: 0.5% Half Buffer or 1% Full Buffer, or other

10. Sensing Solution Identifier: Batch date (yyyymmdd), ID number, or other

11. Run 10 min of no-Ozone air: 3/

See Step A-4.1 #4

ECC Solution Number,
Total Ozone Column Difference ECC — Brewer

Credit: P. Oelsner, DWD L

n
i
2018 2019 2020 2021 2022 2023
Time
@ Iéc Q %ﬁ%&bums

-12

100/%

ECC _ nBrewer

QFCC — 8
ECC
QT

12



2. Essential Metadata lll

d ECC Serial Number, either 6AXXXXX for SPC or 1/2ZXXXXX for EN-SCI

Pre-conditioning (prepared 3 to 30 days before flight)

1. Date of pre-conditioning: YYYYMMDD See Step A-4.1 #1

2.  Operator Initials: JCW

3. Station ID: San

4., ECC serial number: 2Z00000 or 6A00000

5. Manufacture Date: YYYYMM or YYYYMMDD

6. Manufacturer pump motor voltage (DC): 12.3

7.  Manufacturer pump motor current (mA): 67 < 120 See Step A-4.1 #4

O *Extremely Important* for assessing ECC
production quality and performance

O Nakano and Morofuji (2022; EGUsphere)
show changes to EN-SCI stratospheric
pump efficiencies (top). This effect may
contribute to the EN-SCI “Dropoff” low bias
(Stauffer et al., 2022; bottom), as the serial
numbers are correlated =

) .
28.03.24 ¢ e 9
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Average Of PCF @ 10hPa

1.250

1.200

1.150

1.100

1.050

1.000

[ECC-OMI]/ECC TCO (%)

: Ls Gj&}m 1

5000 10000 15000 20000

Serial Number

25000 30000 35000

S20 (14 Stations) EnSci Serial Number Analysis

40000

0 49 156479229 139185989313 9gg 76 112 97 ‘43 ' 74 'gg 164'7g 13 |

0 O 146218335190013234 41 87 79 65 129126 977161 194 67 g5 21 |

EnSci Serial Number/1000

4N, GLosa
I C ATMOSPHERE
€) WATCH

0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38
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3: Desirable Metadata

distilled water Teﬂon

nd let dry out

For Recovered ECCs: Date of Previous Launch Noﬁ[m:;z;“.:‘:;’lnp]w—o{::z::;]%m
O Characterize the performance of ]—{ e ]» —{ffeiﬁfffd ]—> i
recovered and refurbished ECCs . B -
d See GAW #268 4.2.3: “SOP for Re-Use || &iaie ]"[“:2‘.:;;":2?:,:71":;‘;’]—) s’ [H ]

CELLS

of Recovered Sondes” -

Figure 4-3: Flow chart with the most important steps to prepare recovered
ozonesondes for re-use

Where Applicable: Sonde Heater (Y/N? and Type)

O Used primarily at very cold locations and the tropics (cold upper troposphere)
where freezing of ECC solutions are a common concern

O Types: Passive (water can, other thermal materials) and Active (electric and
thermostat heaters). See Webinar #2 “Proper In-Flight Pump Temperatures”

1 Recall Webinar #5 on importance of Pump Temperature Data Quality Indicator

e
¢ AR .
&) 8 @) JULICH
28.03.24 . W R
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Obsolete Metadata

O IB2 is now considered Obsolete Metadata and is replaced by “IB background current used in
processing.” Use IB1!

O Inconsistencies in timing and the quality of ozone filters at stations led to the elimination of IB2 in
ASOPOS 2.0 SOPs

O Typical ozone destruction filter used for IB2 just prior to
launch. Not recommended for pre-launch! -

O Zero ozone air/filtered air should not be given to the
ECC after IB1 measurement. See Webinar #3 on SOPs

‘y%v =
3 B
28.03.24 O
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Metadata in Practice

Table B-3 of metadata fields in Annex B

O Radiosonde software should be aligned with this table (see next slides)

O Metadata content in the ozonesonde archives (WOUDC, NDACC, SHADOZ, NOAA) should be
consistent with this table (more news on this in the coming months)

O ASOPOS will provide an updated (meta)data template, with explanatory description, for the
missing metadata fields (e.g. total ozone normalization factors), as a supplement to Annex B

 Not only uniformity in amount of reported metadata fields, but also in their meaning & format
v' meaning: metadata fields are well defined/described, with suggested naming convention
v format: use type, unit and missing value definition of B-3 (pages 129-130 of the report)

0 GOAL.: all Annex B metadata fields for each sounding
MINIMUM: “required + essential” metadata fields

) .
1) @) JULICH
28.03.24 el 8 ¥) JULICI 1
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Metadata in Practice

Metadata & Processing

O Concept of “Configuration File”:

v' Contains metadata fields that are invariable over several soundings (e.g. background
correction method, sensing solution recipe, source of zero air, ECC sonde/RS manufacturer,
processing software and version, sonde heater, etc.)

v' Minimizes the typing in of metadata values by the ozonesounding operator

d Concept of “Consistent or RS-Supplied Processing”

v' Some networks (SHADOZ, NOAA) do a consistent processing across several stations with
a common software package (e.g., SkySonde).

v If RS manufacturer software packages align with the metadata implementation and data
processing+formatting of WMO GAW No. 268, individual stations might rely on those software
for their (meta)data provision

v" RS manufacturer-supplied processing might be helpful for near-real time data provision
(e.g. upload to (European/AURA) Validation Data Centers, CAMS validation, etc.).

I RN DO oo e
¢ ;2\% - ‘ 1 e s # W GLOBAL
\:‘j lg‘ JU LICH s BME I C [¢ T ATMOSPHERE \
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Metadata Entry in Sounding Software

O Example screenshots from software provider metadata entry shown below. Current software
packages currently do not capture all metadata fields specified in WMO/GAW #268 Annex B

0 ASOPOS 2.0 has contacted providers about implementation
of GAW #268 metadata recommendations. Stay tuned!

28.03.24

Vaisala RS41-SGP - Serial number T3520268

@ Transmitter:
@ Battery:
#™\ Preparation
in progress
Special sensor

DMT-Z

Median filter window radius

Pump air flow rate 30.3 s/100cm3

Sensor background current 0.015| ja

Copy or insert value to be used in the current sounding.

‘hg\ @ Frequency:
@ Radiosonde status: OK

off
537 min capacity remaining
403.50 MHz Change

Vaisala MW41

Reference value //// LA

A I

) @ JULICH
Woro w0 W Forschun gszentru m
OOOOOOOOOOOOOO
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NOAA SkySonde

SkySonde Client Configuration 1.3.1.3 - X

Acquistion Station Balloon Ozone Qzone Meta. Hygrometer Mult. Inst. Other

l EN-SCI ECC Ozonesonde (With V7 Board) is Attached

Ozonesonde Setup
Serial Number:

Pump Hficiency Comection

SATBMT £

(2239000 |
Ce" B ) An average of Science Pump 5Atype A

9 ozonesonde pump efficiencies taken at ,
’002 ] [uA] Tahla Mawd sin in Calfamis
Pump Flowrate: Conditions for Flowrate Measurement
2950 | lsec/100mi)  Lab Temp [degC]  Lab Hum [% RH]
Flowrate Comection: [25 ] [50 ]
{1.2 ] [%] Pump Temp [degC] Sampling Hum [% RH]
Solution Volume: { 30 ‘ [10 ’
3 | feel Lab Press fmb]

1013.25 Calc Flowrate Comr

Solution
ECC Cell Solution:

|0.5% Half Buffer (5 g/L KI, 12.5 g/L KBr, 2.5 g/L Na2HPO4 12H20, 0.625 g/L NaH2POA4 H|

[Load Default Solution... v ]

Factory Defaults OK

4N, GLosa
I C ATMOSPHERE
1 & e
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Key Points/Summary 1

O Metadata are captured and recorded to calculate ECC ozone

measurements, and characterize the performance and attributes of

individual ECC sensors

O Three Categories defined by ASOPOS 2.0 WMO/GAW #268:
Required Metadata, without which ozone partial pressure

1.

calculation and reprocessing is impossible
Essential Metadata, used to understand the performance of

the ECC and its preparation

Desirable Metadata, which are useful to understand all
aspects of the ECC measurement and conditions

O Obsolete Metadata such as IB2 are no longer of use for ECC

measurements and data processing

28.03.24

OOOOOOOOOOOOOOO
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Pre-conditioning (prepared 3 to 30 days before flight)

[

Date of pre-conditioning: YYYYMMDD See Step A-4.1 #1
Operator Initials: JCW

Station ID: San Pedro, Costa Ric

ECC serial number: 2200000 or 6A00000

Manufacture Date: YYYYMM or YYYYMMDD

Manufacturer pump motor voltage (DC): 12.3

Manufacturer pump motor current (mA): 67 < 120 See Step A-4.1 #4
Manufacturer pump flowrate (s/100ml): 27.1/26.1

Sensing Solution/Buffer: 0.5% Half Buffer or 1% Full Buffer, or other
Sensing Solution Identifier: Batch date (yvyyymmdd), ID number, or other
Run 10 min of no-Ozone air: 2/ See Step A-4.1 #4

Bypass Cathode chamber: Yes __ or No _v_

Run 30 min on High Ozone: / See Step A-4.1 #5
Run 5 min on no-Ozone air: v/ See Step A-4.1 #6
Add Cathode solution (wait minimum 2 min): 3.0cc V/ See Step A-4.2 #8

Add 1.5cc Anode solution: See Step A-4.2 #10

Run on no-Ozone air until the current drops below 0.3 pA within less than 30 min ¥/

Run 10 min on SpA Ozone:
Switch to no-Ozone air and record time to drop from 4 to 1.5 pA (s): 25

See Step A-4.3 #13
Run 10 min on no-Ozone air: v/~ Record Ozone Current (pA): 0.07

See Step A-4.3 #14

Short cell leads: See Step A-4.3 #15

22. Store in sonde box, with tissue under the cells, and store at dark place: ¥

19



Key Points/Summary 2

0 Metadata can be used to formulate Data Quality Indicators (see
Webinar #5) to track the performance of individual ECCs, and any i condioning for o-1 day prior to taunch

changes to long-term records . oper s

Check tissue under the cells for any leakage: See Step A-5.1 #18

Remove original Cathode and Anode solution: /. See Step A-5.1 #21

0 Metadata are captured in RS-provided sounding software and
hand-written notes. Electronic records of all metadata must be
kept

Add Cathode solution (wait minimum 2 min): 3.0cm?® / See Step A-5.1 #22 & 23
Add 1.5cm?® Anode solution: v See Step A-5.1 #24
Run 10 min of NO-Ozone air: »/

Record ECC current (Iso) (uA): 0.02 <0.03 See Step A-5.2 #29

o ® N o 0 s w?

Run 10 min at 5 pA Ozone: ¥/

10. Switch to no-Ozone air and record time to drop from 4 to 1.5 pA (s): 25

O RS software currently does not capture all Metadata specified in N
Annex B. Stay tuned for updates from ASOPOS 2.0 and the e,

12. Record 5 ti00 times (s/100ml) to determine flow rate:

manufacturers

b. 28.30

28.00

O Stations should strive to archive as much Metadata as feasible
from Annex B (minimum: reqUired + essential), SO that future 13. Average tioo time (s/100ml) for flowrate: 28.20 (should be between 25 and 35 sec/100

. ml)
reprocessing is enabled and ECC performance is well-quantified . b remerstue s o 272

15. Lab. Relative Humidity RHwb (%): 55

16. Lab. Pressure Pras (hPa): 850.5

O Stay tuned for updates of the (meta)data content and format of v e sominon no-omne s, reora e curent () - 0.02 <007
the archives (WOUDC, NDACC, etc.) 16, Pump Mator Current (ma): 105

19. End time of preparation (UTC): HH:MM:SS
<y . & P
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Closing Remarks

O This webinar no. 6 is part of a series of ASOPOS Webinars:

1.
2.
3.

4.
5.
6.

Introduction to ASOPOS 2.0: An Overview (Anne Thompson & Herman Smit)
Hardware (Herman Smit & Roeland Van Malderen)

SOP: Standard Operating Procedures (Roeland Van Malderen, Peter von der Gathen,
Gary Morris & Bryan Johnson)

Data Processing (Herman Smit & David Tarasick)
Data Quality Indicators (DQI) (Ryan Stauffer & Holger Vémel)
Meta Data and Software (Roeland Van Malderen & Ryan Stauffer)

U The webinars do not replace the Report or associated video clips, but only highlight the most
important topics and updates from the previous ASOPOS 1.0 report (WMO/GAW Report No.

201).

O Whenever you have questions or need advice, consult the authors of this webinar or
any of the ASOPOS Team members listed above !!!

Thank you for your attention. We look forward to future collaborations!!!

28.03.24

50

\y“ i;“ \\“@ — ‘ .

ANl (2] JULICH
wors w0 M Forschungszentru m
METEOROLOGICAL

OOOOOOOOOOOO



