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. Introduction

The next CEOS ACC meeting will take place on April 18-19 2013 at EUMETSAT (www.eumetsat.int) with
a duration of 2 full days. During the first day we will have a total ozone workshop on recent algorithm
upgrades, ancillary data used (cross sections, climatologies), geophysical validation and inter-
comparison of the latest long term total ozone column data sets as produced in the USA and in Europe.

In order to harmonise validation work to be done in preparation of the meeting, it has been agreed that
a validation protocol will be defined, as follows.

The purpose of the validation protocol is to define a restricted set of common validation parameters and
analyses. In this way, results obtained by different validation groups using different references data sets
can be better compared and discussed.

Il. Validation protocol
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# | Harmonisation point Description/ comments

1 | Use same formula for 100*[Satellite - Ground]/Ground
relative difference

T
2 | Use same co-location Brewer and Dobson comparisons use daily mean WOUDC datasets. For %
F

criteria for Dohson and | each common day of measurements, the closest satellite measurement

L Ll I e 1 L L

Brewer to the gro
ground lat 5 | Use same statistical N—1
sunrise-sury estimators Mear =ig = 1 E i
satellite m) NJ -0 !
station.
3 | Use same data filtering | For SBUV: 1 M-l i
criteria o TOMS: Variance = o1 E (%, -x)
2 | Set of common plots —  Monthly MRD vs time [MH, SH), I=2
[MRD = mean relative —  Daily MRD vs. SZA,
difference) —  Daily MRD vs. CF, Standard Deviation = ./Variance
—  Daily MRD ws. CTP,
— Daily MRD vs. D3VCD, SZA bins: from 0 to 90 degrees in steps of integral 5 degrees, i.e. from 0
— Daily MRD vs. lat, to 5, from 5 to 10, etc.

— Daily MRD vs. T

~ Monthly MRD vs. Month of Year [=lan to Dec] LAT bins: from -90 to 90 degrees in steps of integral 10 degrees, i.e.

Unless otherwise stated, the above analysis should be performed on a from -90 to -80, from -80 to -70, etc.

global scale

CTP bins: from 50 to 1050 mbars in steps of 50 mbars, i.e. from 50 to

100, from 100 to 150, etc.
Il List of selected high-guality ground-based stations

CF bins: from 0 to 1 in steps of 0.1, i.e. from 0.1 t0 0.2, from 0.2 to 0.3,
1. Dwobson and Brewer stations from WHMO/WOUDC

etc.
Sration Mame Station Latitude  Station Longitude WM O station number
Amundsen-Scott, Antarctica -89.98 -248 111 O3VCD bins: from 100 to 550 DU in step of 25 DU, i.e. from 100 to 125,
Arosa, Switzerland 4677 267 35
Parival Hewghts, Anianctes 77.83 166.4 268 from 125 to 130, etc.
Aswan, Egypt 23 58 32.27 245
Barrow, USA 7132 -156.6 153 Effective-T° bins: from 210 to 240 K in steps of 2° K
Belsk, Poland 51.50 20.47 68
GlEshis LIl o ey — 1l = Note: It is recommended to filter the value if the RD is larger than the
Boulder, CO, USA 40.02 -105 .25 67 — .
Brisbane, Australia -27.47 153.02 27 mean + or - 3 sigma.
Bucharest, Romania 44 .43 26.13 226
Buenos-Aires, Argentina -34.58 -58.48 91
Cairo, Egypt 30.08 31.28 152
Caribou, ME, USA 46.87 -68.02 20
Casablanca, Morocoo 33,57 -7 &7 158
Chengkung, Taiwan 231 121,36 306
Churchill, Canada 58.55 -94.07 77
Comodoro Rivadavia, Argentina  -45.78 -67.5 342
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Discussions

This discussion paper isfhas been under review for the journal Atmospheric Measurement
Techniques (AMT). Please refer to the corresponding final paper in AMT if available.
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Generic QA / Validation Suite ‘%3‘

(with on/off switches)

Satellite data selection, filtering and post-processing

Data content study (DCS) of satellite dataset

Information content study (ICS) of satellite dataset
Selection and characterisation of correlative data
|dentification and characterisation of co-located data pairs
Homogenization: Resampling, smoothing, and conversions
of representation systems and units

Data comparisons: bias, spread, stability, dependences...

|0. Derivation of fit-for-purpose Quality Indicators

>
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ESA CCIl Ozone

QA / Validation Process

for Nadir Ozone Profile Retrievals

Satellite User-ralevant objectives and

» retrieval Retﬂsmnw quality indicators at each step: Y Y
dsﬁ ata
: Method? = < Units?*
Priorand T |/ Y 4
::;as'::f"a‘;‘; - Muliple? N otiple?
info, et ) Ug = Ug = Ug lUs=Ue# Ug Ug # Us = Ug
L v’ ‘ Y ‘ Y Y
Salellhg data Reference dlala » Rel . - Ref, conversion
harmonisation harmonisation N ~ Rﬁgnddmg“ - Ref dd | ‘- el. conversion L L. Ref ddi . |
: ) 1. Data selection and post P - Ref. regridding A €l. regridding 6. Vertical resampling of reference
processing: - Ref. regridding Sat .
v v o = odl. conversion profiles:
i * Harmonisation of data . |
Mutual satellite Mutual reference representations ‘ \ ' s Commeon vertical grid
flagging flagging + Maximise agreement of T * Apply satellite measurement
P evalualion settings . - Ref. regriddin i i
. -ERAA Rl grding - Ref, conversion A smgmhingg smaothing to referance profile
L o Coarse AGsm. - AKsmoalhing ||~ el fegrdding - - Rel. conversion
. g + AK smoathing ' )
Smoathing? - Sat, conversion
v Y
Profile extension -4 - Ref, conversion - AK interp.
% t i i ! Fine AK sm. |y - AK interp. L AK interp, | ||+ AK smaething

. ) - Rel, 3l
Content A smoathing | smoolhing Relf, conversion
histograms - Sat, conversion
2. Dataset content study: T
h = Impact of screening
Qutlier flagging

* Geographical and temporal ‘
coverage ‘
v * Horizontal resolution \
S?r:jptl!ng hE_Jlﬁarance 7. Comparisans:
15T o .
stalistics Istograms * Difference average (bias) as
¥ I [ . ) [ measure for satellite accuracy
) 3. Inforrnation contant study: Y + Total satellte uncertainty
Information * Information content metrics . " | iy i
statistics from + Vertical sensitivity Identify aslimation by combining bias
AKMs * Vertical resolution (estimate) dependences and random satellite uncertainty
. . i Height registration of blas and comparison spread
L L4 ¥ + Comparison bias and spread
Set co-location [ ]
citers T 4. Corelative measurement Co-location data | dependances an physical
) selection: sub-selection I conditions and/or refrieval
v * Maximise overlap of satellite | metadata
and reference measurement air h T | | " " 4
Extract co-located — g ' v :ggg:;:r:ws | lelelrgnca l|mgsanas for
data I slability analysis
s ey S SO Differance |
v slatistics
Co-location
sam_pl:_ng 5. Co-located datasets study:
statistics = Sampling of co-located satellite
and _rélér_emldafa * s, g, and ug for satellite, comparison, and reference units, respectively.
v - gz}:‘";:"m of co-location ** Regridding only, or regridding including function smoothing (Gaussian, triangular, others). Regridding possibly by summation for sub-columns, " Ty
Bad = 1Y .
Sampling? ‘ ‘ . I r

L Good

QAA4CV type traceability chain of geophysical validation process

BIRA.1{



Satellite Ref User-relavant objectives and
»  retrieval phibke quality indicators at each step
lata
data
Priorand T L] A4
:’T‘:J&ﬁ Multiple? N N Multiple?
Info, etc. T
v v
Salelite data Reference data
harmonisation harmonisation
1. Data selection and post-
v v processing:
§ * Harmonisation of data
Mutual satelite Mutual reference reprasentalions
flagging flagging * Maximise agresment of
ERA evaluation settings
# Clim,
Smoothing?
¥ Y
Profile extension 4
F t
Content
histograms
2. Dataset content study:
Y ® |mpact of sereening
Cutlier flagging * Geographical and temporal
coverage
L] * Horizontal resolution
Sampling
statistics
¥ 3. Information content study:
Information * Information content metrics
statistics from = Vertical sensitivity
AKMs = Vertical resolution {estimate)
* Height registration
Y Y
Sel co-location
criteria 4. Corelative measurement
i selection:
v * Maximise overlap of satellite
and reference measurement air
Exiract co-located masses
data
A4
Car-lacation
sampling 5, Co-located datasels study.
statistics + Sampling of co-located satellte
T and reference data
v = Justification of co-location
d settings
Sampling?

[~Gootl

BIRA.

latitude [°]

latitude [*]

Post-processing, filtering...
Al

gzorithm H#1
OPERA vT26 GC for GOME-2 2008

0 e, u v .
-180  -120 -60 0 60 120 180

longitude [°]

0 5 10 15 20
good profiles per 1° by 17 area

Algorithm #2

RAL v2.1 GC for GOME-2 2008

-18 -120 -60 0 60 120 180
longitude [7]




Information Content Studies ?ﬂi‘

Analysis of vertical Averaging Kernels

Information content

» Eigenvalues & eigenvectors of AKs

(L)DFS

Shannon IC, entropy

Fisher IC / MQQ [Ceccherini et al., Opt. Exp., 2012]

Vertical sensitivity
e Sum of row of AKs

Vertical resolution
e Backus-Gilbert spread
e Other estimates

Altitude registration

Centroid
QE ’ 8
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Information Content Studies

Analysis of vertical Averaging Kernels

5 OPERA v1.26 5 RAL v2.1
10 7 10 T
========+ centroid . ======== centroid | i
R g 4
=< 10 S =< 10
o 0.5 o
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S 10 / S 10
w L w
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o 1 i o 1
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: d
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Information Content Studies

Analysis of vertical Averaging Kernels

9

Information content characterization

Satellite Usar-relavant objectives and

¥ refrieval RULW"W quality indicators at each step
ata
data
. . . o
; " Pieces of independent information
data, cloud N N
and surface | || Multiple? - < Multiple? - . .
- Algorithm #1 Algorithm #2
' v v g ori m ori m
Salellte data Reference data 30 30
harmonisation harmonisation
1. Data selection and post-
¥ ¥ pracessing: 1] 50
* Harmenisation of data
Mutual satellite Mutual reference reprasentalions
flagging flagging * Maximise agreament of — 40 30
evaluation settings o E o]
|| -ERA = = o
| - Clirn, 2 0 c -
X T 8 0 £
Smoothing? = B =
o _a0 £ g
[y -30
T
Profile extension -4
; -0
: ) -B0
Content a0 \ , j‘\j
histograms - L L
‘ Jan-08 May-08 Sep-08 Jan-09 -40
I 2 Dt ety v F Jan-08 May-05 Sep-08 Jan-09
Cutlier flagging * Geographical and temporal

; N Dependence on ozone slant column

o _ Algorithm #1 Algorithm #2

¥ 3. Information content study: 10 1 U-‘ z
Information * Information content metrics
statistics from = Vertical sensitivity
AKMs = Vertical resolution {estimate)| -1 -1
* Height registration 10 10
v v 1.3
=
Sel co-location . w = — =)
criteria 4. Correlative measurement o 2z D‘_U ° ;
selection: =, @ = 1 ‘o
v = Maximise overlap of satellite o 1 I 1 S
and reference measurement air 5 b 5 it
Exiract co-located masses w c w 1 =
s o [ @
data k4 2 oo o
_________________________________________________________________________________________ = v = T
' 2 - 05 -
2
Co-lacation 10 110 .
sampling 5, Co-located datasels study:
statistics = Sampling of co-located satellte
T and reference data 3 3
v * Justification of co-location 1a 110 i
Bad settings pasi] 750 1250 17a0 zEA0 #2750 250 750 1250 1780 2250 2730
Sampling?
5 slant ozone column [DU) slant ozone column [DU]
Bood
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Domain of application

Co-location processing, analysis and documentation

Salellite Reference User-relevant objectives and
* retrieval data quality indicators al each step;
data
Priorand T | Y AJ
data, cloud I
and surface Multiple? Multiple?
info, ete. B Iy
A J A
Salellite data Reference data
harmonisation harmanisation .
) 1. Data selection and post-
¥ v processing:
= Harmanisation of data
Mu\:al satellite Muluﬂal reference reprosontations
agging agging * Maximise agreement of
[ ERAY A avaluation setlings
| [ - Clim.
hJ
N Smoothing?
v
Profile extension -
v
Content
histograms
T 2. Dataset content study:
T * Impact of screening
Outlier flagging = Geographical and temporal
l eoverage
T = Horizontal resolution
Sampling
slatistics
v 3. Information content Study;
Information = Information content metrics
slatistics from = Vertlcal sensitivity
ARMs = Vertical resolution (estimate)
= Helght registration
Y L4
Sel eo-location .
critaia 4 4. Comelative measurement
- selection:
v = Maximise overlap of satellite
and rafarence measuremant air
Eumcldc;;locmad Masses
__________________________________ e e A
Co-location
sampling 5, Codocated datasets study:
slatistics « Sampling of co-located satelli
and reference data
hJ * Justification of co-location
sellings
Sampling? Bed

| ‘Goud
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Resampling, smoothing,

Profile: X' =M x x
Several ways for averaging kerne

unit conversions......

o
Dl
¥ A

Covariance matrix: S'=M xSxM"

matrix conversions...

Conversion from pressure and temperature | Conversion from available ozone profile
profiles or vertical grid definitions vectors
T./p, 0 0 X /MR 0 0
VMRWOND | 9~ o |(mMm o . 0 |(s)
Size: NxN
0 0 Ty/py 0 0 x\P/x/MR
p/T, O 0 XYMR/XlND 0 0
NDOVMR =\ 9~ 0o |2 o . 0 |(Me
Size: NxN
0 0 pu/T, 0 0 XM/
c, ¢, 0 O
VMR to PC u Agl Apl 0 8 M3) 0 . . 0| (M7)with
Size: Lx N 7 . 0' " ' A 0 0 ¢ c
p p _
] ) ck=x,f’c(x§’MR+xi"+“fR)lfor k=i
c, ¢, 0 O
ND to PC u Agl Azl 0 8 (Md) 0 . . 0 |(M8)with
Size: Lx N 2 =% 0 0 ¢ c
- 0y S OREZ B A7 .
9 C, =X © (xiND + xiﬂ'f) for k =i
<
o
@

12




9

unit conversions...
Resampling, unit conversnons

Resampling, smoothing, 6%

A4 Y

_ m
Method? — < Uniis? : 18:85 co:-\oc(s) at 51 staifs) - med. DFS - 4.20 17?4 co-loc(s) at 45 statfs) - med. DFS - §.20
: : SOy :
Us = Ug = U lus=ue# Un Ug# Us = U lidar (dashed) 40 40
Y Y Y =
. - Ref, conversion = = :
ina™ . - Ref. conversion i 30
Regridding™| .. pef, regridding | |- Ref. regridding - - Ref. regridding 6. Vertical resampling of referenc f f
’ - Sat, conversion profiles 3 3
+ Common vertical grid ] 2 20
et ki * Apply satellite measurement
; - Rel. regriading smaothing to referance profile : /
" - Ref. conversion . IR
Coarsa A s |, el egriddng "o cc et |- AK smoothing sonde {full)< 0] 10}
-Aksmoothing smogihin g -Refl.conversien |~ @& 0 L A AL et e AL
- Sat, conversion P I B d A ¢ R
0
-20 0 20 20 40 60 -20] 0 20 20 40 60
median [%] IP 68 [%] meflian [%)] IP 65 [%]
i AR, bias spread
Fin Asm, " AK N, ‘_Eg'i:;:';‘"‘“’" L | - AK smoothing P
+ AK smoothing - AK smoathing * Rel, conversion AK smoothed data

- Sat, conversion

layer sensitivity
[ . o o
' Different data manipulations and

Difference 7. Comparisons:

histograms * Difference average (bias) as . . o

[ measure for satellite accuracy Valldatlon processes Can prOVIde
Y ) * Total satellite uncertainty
Identify astimation by combining bias

dapendancs and random sl uncarany different results, sometimes with

or blas and comparison spread

(evbminga],_ et complementary perspectives. It is often

-sélection
. sub-selectiol metadata

R el D s valuable (and more scientific) to apply

stabilty analysis
Difference

it and compare several methods rather
* s, g, and ug for satellite, comparison, and reference units, respectively, t h a n S e I e Ct O n |y O n e !

** Regridding only, or regridding including function smoothing (Gaussian, triangular, others). Regridding possibly by summation for sub-columns.

i
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Data comparisons

Indicators and their statistics

Data comparisons
Y Y 109 RAL v2.1 for GOME 1997 100 RAL v2.1 for GOME-2 2007-8
Method? = < Unlis?" e = L = =
£ £ g g
= 10 = 10 °
‘ | o e g o
Us = g = Up Us = Ug 7 Ug Ug# Us = Ug = I =R c
v 2 10 2 10 =
ol o 15 8
a a £
Rearidding™ o - Ref, conversion - el conversion ] i B
Gr4dG™ .. Ref. regridding | |- Ref. regridding | | - Rel. regridding B, Vertical resampling of reference | 5= " e 10 e -30
. - Sat. conversion profiles: Jan-97 Apr-g97 Aug-97 Dec-97 Jan-07 Sep-07 May-08 Jan-09
! 1"« Common verlical grid GAW
Relrogiadng | | opy satfte measurenert o RAL v2.1 for GOME 1997 0 RAL v2.1 for GOME-2 2007-8
» - Ref. convarsion d smoothing to reference profile 10 T T [ 10 B | B 30
Goarse AK sm.|_,- Rel ragridding | | o0 rogrdding |- || - AK smoothing - _
- AK smoothing L AK émnolhin - Ral, convarsion o 4 I E 15 =
9 - Sat, conversion E—HE_. E 10 @
o g o 2
=2 == =
AK interp 2 § g
= ) ¥ 3 =
Fing AK sm,|_, - AKinterp. | ‘_::'}I;E:‘;mm Ll |- AK smaothing a & -15 2
- AK smoothing - - Rel. conversion
= AK smoothing ) -30
- Sat, conversion
) -50 1] 50 -50 4] 50
1 1 latitude [7] latitude [*]
: o RAL v2.1 for GOME 1997 0 RAL v2.1 for GOME-2 2007-8
! qp BARVELIOL 10 30
Difference — = = =
! 7. Comparisons: o« o 15 5
hislograms * Difference average (bias) as 01._-. E 3
| measre for satellte accuracy g g 0 -g
v = Total satellite uncertainty @ a o
Identify aslimation by combining bias g_ g 15 B
depandences and random satellile uncertaint E
or blas and comparison spread -30
‘ v ‘ 1+ Gomparison bias and sprsad 500 1000 1500 2000 2500 500 1000 1500 2000 2500
Ce-location dala I dependances on physica SCD [DU] SCD [DU]
sub-seleclion ' | condtions andior relrieval 0 RAL v2.1 for GOME-2 2007-8
matadata 10 Tz 30
Loop over * Difference limeseries for - — iy
L dependences stabity analysis = = 15 £
Difference = = 10 2
statistics o i 0 &
= 2 c
@ 2 1 02 o
o @
5 5 -15 8
* s, Ug, and ug for satellite, comparison, and reference units, respectively. 5
** Regridding only, or regridding including function smoothing (Gaussian, triangular, others). Regridding possibly by summation for sub-columns. 10 -30
1 0 0.2 0.4 06 08 1 0 0.2 04 0.6 0.8 1
% cloud fraction [] cloud fraction [/]
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Validation reporting

Compliance with user requiremennts

~3%

SAA and mid-Asia missing SAA missing
5t05.5 5106
6 km to TS- > 50 km > 50 km
col.
3 to 6 km 10 to 20 km 10 to 20 km
310 10 km > 50 km > 50 km
5to 20 km (SZA dep.) 5 to 20 km (SZA dep.)
/ negligible negligible
-10 to -30 km -10 to -30 km
-10to -30 % (-5 DU) 710 8 % (1 DU)
/|-5t0 15 % (-2 to 5 DU) 1to4 % (1 DU)
-15t0 0 % (-3 to 0 DU) -15t0 0 % (-3 to 0 DU)
/ Hardly any Increased bias around and below TP for
northern hemisphere winter
Negative bias around and below TP, small Negative bias around and below TP, positive
positive around ozone maximum around ozone maximum
/ | Negative bias below TP Negative bias below TP

Increased bias below TP

Increased bias below TP, related to bias for
small SCD values

Relation with meridian dependence less clear

Clearly related to meridian dependence

Slightly decreasing (more negative) bias with CF

Slightly decreasing (more negative) bias with CF

10 to 15 % (2 to 5 DU)

30 t0 35 % (4 to 5 DU)

/15 % (3 DU) 5 % (3 DU)
5t0 10 % (0 to 3 DU) 5to 10 % (0 to 3 DU)
10 to 40 % 10to 30 %
/ ~5% ~5%
3to5 % 3to5 %
10% 14 to 50 % 12 to 36 %
8% 71016 % |5t07 %
8% |31t0 18 % 31018 %
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