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Current status of global ozonesonde data homogenization activities

 Examples of ozone changes/improvements after data homogenization

Summary of global ozonesonde data quality and “dropoff” status

Example station where homogenization and the dropoff low bias are
both factors that affect data quality



Current "homogenization™ activities within O3S

« harmonizing Standard Operating Procedures by new WMO-GAW report No. 268 in
https://library.wmo.int/doc_num.php?explnum_id=10884

« | continuation of O3S-DQA (Ozone Sonde Data Quality Assessment) activity (°2011)

« Harmonization and Evaluation of Ground-based Instruments for Free Tropospheric
Ozone Measurements within the TOAR-II Focus Working Group “HEGIFTOM”


https://library.wmo.int/doc_num.php?explnum_id=10884
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« correcting for (biases due to) changes in
Instrument type, sensing solution
strength/volume, pre-flight procedures, post
processing, etc.
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« provision of raw data (“currents”), needed for
any future reprocessing of the data

=» reduce uncertainty from 10-20% to 5-10%
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O3S-DQA status: HEGIFTOM Respository
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Figure 1-2: Global ECC ozonesonde station locations with the number of ozonesonde profiles from 2005-2019 (Aura
satellite era) indicated by the colormap.
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42 from around 60 “active”
sites homogenized (stars)

remaining: Japanese, Asian,
Australian, some EU and
Antarctic sites.

all homogenized data (and
only homogenized data!) are
available on a ftp-server,
together with general
description and link to github
Python code on HEGIFTOM
website:

https://heqgiftom.meteo.be/datasets
/Jozonesondes



https://hegiftom.meteo.be/datasets/ozonesondes
https://hegiftom.meteo.be/datasets/ozonesondes
https://hegiftom.meteo.be/datasets/ozonesondes

O3S-DQA: examples (1) OHP
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O3S-DQA: examples (i) Lauder

Uncorrected Stratospheric ozone proflle (MLS) Homogenized
Lauder Ozonesonde Satellite Comparlsons 10 & Lauder Ozonesonde Satellnte Comparlsons o 3
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« overall TCO underestimation disappears
* remaining drift

« TCO drop off around 20167
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More on the EnSci Ozonesonde “Dropoff”, and
the status of global network data accuracy -

Science Pump: En-Sci
SPC

NDACC 2022 O3Sonde Homogenization




EnSci “Dropoff” Found at Homogenized Stations

Changepoint identified at EnSci S/N 25250, so we estimate this as being the “dropoff point”
EnSci S20 Station and OMI TCO Comparisons

10~ T - | R | T | K | | | | o
. - ": o M T [ *
4 e . :
£ 8 KT R A T :
- AT : .. .. . . .. . _
— .. . - H
N : : | a .- "f
B 2 ‘-! .‘h | “_‘l :. - .3::_. . .:": . —
i, M PREETE A4 . -1 : ?5: .
L s . :."‘ * i b PR ] - * . -
’ M e Y. "-,I'*' ot o . .. :
O g, edocped AT A} s
ES . g, e A ! v, 2 ..
I— . ? 4, ‘.ﬁif.’ P ;-"~-. . b f e .. v . ]
p 3 - “'.. - . e : - . g U . -, . l
TR iR S R AR N .
V) 2 L3 :.’-‘,:’sg :t;b e S D ¥ .
CRNE T ¢ 1 R A A TR L L L P 7 N
' -t 5T Rt WMo T G . Py . . o TR
Tt n Ry 53 ;i L4 . - i" . ; r L . . be ol .
w0 et Syl wat'! ey e Deklme D L L tH |
- MK S i 7z i, Wl .o ‘.o ® . - : -, . HM :
— H ’,i HLH A ja.00 ; W o . et H jnoe M3 o2 .'.? ‘. v oag (e
. 0 N Ly 'RH‘ 53 . * e 5 : o P s <t Tamtey U4
| e | i-._ Y, ,L -5 :f-. ] P - ,..:? LR * . . H 1 . -"". (] .
— 2 .. é . 1.3" FE i -|'..: e o P % .‘.?.,' R ":.. - . -
- E AR o b L, '; ol . . ] .. ., o WYl . L
E vl e XA * L " . ", Y B ?:".' Ny - .‘.:‘. * s.
F Y sa®e s : %% :l - L L+ -1 - "
: z* LA .l:: i P "'s N “:::ﬂ::'-ﬁ,'m;‘vh: “T !
O . -'* .." st . DN w» s ® '. ' .:. - -* . * ] . ﬁ . 4 LY. ;'-: o - i
- h— R - . - P . .t - . . we, R RTINS Hd
| N MY, t s -y " . s e . : R o e BRI 3. e, %
‘. S S R SV S : C e e e YRR M S IS 7
J— — . - et . e . N . ( ] Ry < A . L - .s‘ - '™ —
U L . LR . . Lo ee| . .t . ] . I L 5 . -
-t SNEE o e - ; s . TRl o LR [ N : -
U * . . - . * " :- . . * K -' . . . ; . '.”‘ L] - -
_ 8 | P N . . . kA e v i L) |
Ll . : 3 : NI SR .
— . . - MM A .
-10 & | | | | | | | | | R ! | L

6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38
- (V)
i% EnSci Serial Number/ 10005962 5/ 25250; ~3.5%

NDACC 2022 O3Sonde Homogenization

0O 2
Before S/N 25
95% CIl: [0.28,0.5



POBODEL ISR EME T
- - - L Fl - l. . - -
.s.......—.—.-........rf!- T I

tﬂ -. ui-.l.! 1.1-.
| .. ....,............_.:. ......:.l
.. \,........,.f é .....
.nlc.l‘.. l- . c-
. - 0 c..o. . B “ul‘c.t n - & .. .
L ..-.... -low aﬁ T 1 ‘-h_ ..-l_o-
Do q“..,.m_.mw i .m..,,.ﬁ....i. S s
- S e ... lﬂ LR .L. o . | .
L ...-uc.\..(l - .. -—.Ag. q.ﬂo- w. e -.u -¢.! . -.-- .
- _— o -l Il L - .
R Pjvsz._.uﬁ m.nm.f.r. ,.......m...:.. e St
. e, lAJ .

OHI.I&-J .In .I- -r

s R T, B... OIS L ]
SRERRIERO ST Lot Codtih SR
. ... - ] lm - = . 4

- .l! .r.-..vm?.wsﬂm ...uu

BT c- lv..lM-_M » WO
: . -........-.-u - -\h-.... .“_..—-. w..\\ H ... ot
= S sl -_.W..-.M&..v - prﬂ.\.\m..? s .. e

. u......--.-onuo I.-'!-*omu).a -b\c“a‘l.aoplnhl l- -_ .‘ . .
‘ - e -
.
ol .‘
> -
B T
.
-5
.....?... e,
- A ?.... N
S . .
SO .ams..a.« re ?.rs.a, U T R Y R
.P." R M...H.._-w JJ..-.&. ’ .-G_-_.-... _- o e ..r- G e
" . ‘. .“' . s "ﬁ ..' "q I. b
:‘ - - L “

e ....s. oS g ?h .i._a....tq.a . .
| o LA ‘aﬂﬂ} h.i ox Lr ct,o. * . - . . . .|
- ... R R J...., ? A "nﬂ..m. T Tt L *

.
L - et an te N mar P om e
. e pe . Myl 4-..!. L IS i

R i .«ﬁéﬂ. il 2t i

..
- * -
g ..l..--eﬂn.. ! i A“v-u.._-.-._._’. . '? .
A g 17 Fal s o e o 8 ". - i
R ..n.m. :Pba&féginla TR

Wm.hﬂnnm."m’-.v thnfnﬂ ﬁh@. =

&l l.ilc d mﬂ -..
-_-....\ u..m.d-._".._..f n‘l.m'ms. &.‘

!.uwa.. o el m....|

- . Tan -Fc I
Reen ok e 0 B, 2l
* -

EnSci Non-S20 Station and OMI TCO Comparisons

Even the EnSci stations not considered “dropoff” show a step change at EnSci S/N 25250

(%) 0DL DD3/[IN0-DD3]

Small “Dropoff” Found at All EnSci Stations?

After S/N 25250: -0.39%
[-0.54,-0.24]%

95% CI:

14 16 18 20 22 24 26 28 30 32 34 36 38
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EnSci Serial Number/1000

10 12

Before S/N 25250: 0.68%
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95% ClI: [0.59,0.78]%



Small “Dropoff” Found at All EnSci Stations?

° USing the EnSCi S/N 25250 as a S SZQ Statilon Echi alnd MLS Corrnparirson 7
breakpoint, we can see how the 10/ (@) |
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Timing of Pump Changes and Dropoff

* A new paper, Nakano and 1250

Morofuji (2022; AMTD) shows £ 1200 3 .
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Global Network Time Series vs. Satellites

Comparisons with Aura MLS on MLS pressure levels. Red = sonde higher, Blue = sonde lower

All 60 Station Ozonesonde, Satellite Comparlsons
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Global Network vs. Satellite and Ground-Based TCO

Satellite total O; comparisons (500 pt. moving averages)
All 60 Station&zonesonde, Satellite (top) and Ground (bottom) TCO Comparisons
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Global Network vs. Satellite and Ground-Based TCO

5

IOA" 60 Station Ozonesonde, Satellite (top) and Ground (bottom) TCO Comparisons
|

Key Takeaway: Despite the dropoff, homogenization
has greatly enhanced the accuracy and stability of
global ozonesonde network data. However,

homogenization is sometimes not a “silver bullet”
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Homogenization and TCO drop off

Pressure (hPa)

10

Total 03 Difference (%)

Uncorrected

Scoresbysund (non- homogenlzed) Ozonesonde, Satelllte Comparlsons
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» large discontinuity in 2016 due to start of application of transfer function to network
standard (En-Sci 1.0 - En-Sci 0.5)

« after homogenization, TCO drop off around 2016 remains
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Homogenization and TCO drop off

Pump Temperature at 30 km (°C)

Scoresbysund HEGIFTOM Pump Temperature Time Series
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Changes around 2016:
* radiosonde type

e p from pressure sensor ->p
from GPS

* Interface type

« active heating system in the
box

o water activated batteries for
pump -> Li batteries

=> Need for continuous quality
monitoring!!!



Summary

« Homogenization has been completed at 42 (of ~60) global ozonesonde stations.
The homogenized data show improvements in comparisons to independent ozone
data (ground-based and satellite)

« Some issues such as step changes and drifts remain at homogenized stations that
are still under investigation

 The EnSci ozonesonde “dropoff” is likely at least partially explained by reduced
ozonesonde stratospheric pump efficiencies. Tests underway soon to quantify
this effect

« OQOverall, global ozonesonde network data on average are stable to within about £2%
TCO compared to ground-based and satellite data. Tropical stations are affected
more by the dropoff



Extras



Tropical Network vs. Satellites

Comparisons with Aura MLS on MLS pressure levels. Red = sonde higher, Blue = sonde lower

20°S to 20°N Station Ozonesonde, Satellite Comparisons
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Summary

« Expansion from the 37 S20
stations to 60 global stations

(mainly Europe and Antarctica) Global Ozonesonde Stations (60 Total)

« Dropoff station defined as having
a 3% TCO drop relative to OMI

« Kelowna and Yarmouth Canadian
station data were
for non-standard
ozonesonde sensing solution

e S20 >=3% TCO Dropoff Station o Corrected Canadian Stations ¢ "Non-S$20" Stations

« >30,000 OMI and ozonesonde
TCO comparisons to evaluate, in
addition to other independent data



Summary

[ECC-OMI]/ECC TCO (%)

Serial numbers grouped in bins of 1000: (25 = S/N 25000s)
All 46 Non-S20 Station EnSci Serial Number Analysis

0 l126 367 |808 '907'362 424 l176 187 |133'350 |238 329 |368 364 '396'392 '209'81 N

~ Number of OMI /
comparisons in bin

A

25th percentile, median,
75t percentile shown Need to monitor the latest data/

14 279 967 282 385643 318 300 449 389 597 438 394 241 319 202 334 449 1gg 70 |
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Summary

[ECC-OMI]/ECC TCO (%)

Serial numbers grouped in bins of 1000: (25 = S/N 25000s)
All 60 Station SPC 6A Serial Number Analysis

0 '15 0 0 0 '27 '114'209'441 '508'512'469'449'389'401 '383'374'378'140' !

Number of OMI /

: indhid Relatively stable throughout
comparisons in bin

all SPC serial numbers

25th percentile, median,
75% percentile shown

0 O o O o 16 g3 282334303458471 364599 493491 462282152 0 |
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Summary

« Ozonesonde pump
efficiency corrections
are applied to every
profile to account for
reduced efficiency at
stratospheric pressures

« Key Assumption: These
values do not
significantly change
with time

Pressure(hPa)

JMA Serial # = 24000
(821samples)
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Pump Correction Factor
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Pump Correction

Press.
Factor [JMA 2022]
3 1.381 +0.047
4 1.307 £0.040
5 1.254 +0.034
7 1.191+0.028
10 1.140+£0.023
20 1.078 +0.017
30 1.056 =0.015
50 1.038 £0.013
100 1.021%+0.010
200 1.011£0.008




Summary

« An unaccounted

decrease in stratospheric Average Ozone Partial Pressure Profiles
pump efficiency would > —SHADOZ||
cause greater ozone 10 —Canada |
“losses” in tropical S 20! :
profiles compared to = ol
= . a N _
higher latitudes = |
w 100+ ]
]
e _ ]
- However, there are o 250¢ ]
considerations for 2001 g i;
different ozonesonde ‘0006 ST 4 6 g 10 12 14 16
' fer
solution types, transfe Ozone Partial Pressure (mPa)

functions, etc.



