Dataset harmonization and &
validation/inter-comparison: Nadir products
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#'3 Harmonization

« N20:
« TES
« AIRS-CLIMCAPS
« CrIS-CLIMCAPS
« TANSO-FTS-FOCAL
« JASI-NOPIR (BIRA-IASB)
« JASI-SOFRID (B. Barret)
« JASI-TN20OR (U.Toulouse)
« TASI-MUSICA (KIT)

« CFCs
 TASI-ULB
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#:5 Harmonisation Goals

Individual formats in the LOLIPOP cluster

Unified Data format https://climate.esa.int/en/data/policy/
Directory structure

https://climate.esa.int/media/documents/CCI
File format DataStandards v2-3.pdf

Vocabulary and (Global) attributes HARP readable



https://climate.esa.int/en/data/policy/
https://climate.esa.int/media/documents/CCI_DataStandards_v2-3.pdf
https://climate.esa.int/media/documents/CCI_DataStandards_v2-3.pdf
https://climate.esa.int/media/documents/CCI_DataStandards_v2-3.pdf
https://climate.esa.int/media/documents/CCI_DataStandards_v2-3.pdf

+ many
more
difference
s (time,
quality
indicator,
structure,
etc....

P rofile/Tot Other
name species al Column AVK LV or LA fixed grid? PO=surf? units species  Notes
Y w-999 vmr & deep directory tree w lots of
TES N,O P Y LV Y dummy molec cm™ 03 additional content
CH4,C02,
CO,H20, 3D, lots of additional
Y no HNO3,03 content, N20 only lacking
AIRS-CLIMCAPS N,O P N LA dummy N molec m™ ,502 AVK?
CH4,CO, 3D, no CO2,lots of additional
Y no H20,HNO content, N20 only lacking
CrIS-CLIMCAPS N,O P N LA dummy N molec m™? 3,03,502 AVK?
profile scaling approach,
TANSO-FTS-FOCAL  XN,O TC N TConly TConly TConly ppb no simple file (26 variables)
H20,03,
CO,CH4,
IASI-EUMETSAT N,O TC N TC only TC only TC only kg m CO2 IASI native format,
PC (80- no variable info embedded
IASI-NOPIR N,O 800 hPa) Y LV Y N molec cm™? H20 in file
comesin gridded and L2
P+TC+Tro Y N w -999 ppm, form, Error covariance
IASI-SOFRID N,O pC (indirect) LV Y dummy molec cm™ CO, H20 matrixes
*13 fixed level pressures +
N w-999 variable Psurf level which
IASI-TN20R N,O P Y LV & dummy  ppb CH4 only gens data if >1000
N w *b
9.96921EF CH4, T, ut behaves as one,N20
36 WV, embedded in ghg together
IASI-MUSICA N,O P Y LV N* (p+alt), dummy  ppm HNO3 with CH4
all data
IASI-ULB CFC increase TC N TConly TConly TConly ppt single file monthly mean vmr
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#5 Harmonization methodology

Extract priority parameters (time, lat, lon, vert grid dimensions, pressure weights, conc, uncertainty, a priori,
AVK, quality flag), and/or variables that allow me to construct the above parameters and assign uniform
variable names and units

Unify units and order of parameters

Allow for fixed grid w dummy ([0] = top of atmosphere, empty values = -999, lowest pressure_boundary
value = surface pressure)

Separate variable names for N2O and XN20

Both pressure midpoints and boundaries included




Level (hPa)

Pressure

Even though we have 8 nadir viewing N20 satellite products, they all differ significantly:
CrlS and AURA yield ‘profiles’ but no averaging kernel information
GOSAT-2 FOCAL is a profile scaling algorithm: only total column information

IASI| products all have very different vertical sensitivities

Averaging Kernel for TES: Dof=1.73, 65 levels

= == Sensitivity
R == Tot Sensitivity / 10
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These differences also informed their respective validation strategies:
TN20OR: sensitivity peak around 300 hPa

SOFRID: highest dof, sometimes erratic avk values at high altitudes

NOPIR: Relatively uniform sensitivity between 800-80hPa

MUSICA: widest sensitivity band

Averaging Kernel for IASI-NOPIR: Dof=1.95, 23 levels

Pressure Level (hPa)

== Sensitivity
== Tot Sensitivity / 10

e
015 0.20 0.25
Averaging Kernel for IASI-SOFRID: Dof=2.95, 42 levels Averaging Kernel for IASI-MUSICA: Dof=1.47, 28 levels Averaging Kernel for IASI-TN20R: Dof=1.05, 14 levels
—= Sensitivity == Sensitivity 197 i Vi
— = Tot Sensitivity / 10 == Tot Sensitivity / 10 1 == Tot Sensitivity / 10
1
1
1
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Pressure Level (hPa)

These differences also informed their respective validation strategies:

10~ 4

10° 4

1024

TN20OR: smooth -> look at 300hPa layer
SOFRID: surf-700hPa, 700-350hPa, 350-110hPa
NOPIR: compare partial column 800-80hPa
MUSICA: 4.2 km (~600hPa) + UTLS

Uniform strategy: Differences seen between products may just reflect

their inherent property differences, not differences in quality!

Averaging Kernel for IASI-SOFRID: Dof=2.95, 42 levels Averaging Kernel for IASI-MUSICA: Dof=1.47, 28 levels

Averaging Kernel for IASI-NOPIR: Dof=1.95, 23 levels

Pressure Level (hPa)

|

== Sensitivity
== Tot Sensitivity / 10

Averaging Kernel for IASI-TN20R: Dof=1.05, 14 levels
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AIRS_2015_SON
0°

CriS_2020_SON

08
AIRS_2015_SON

0.1 L 0.3
CrlS_2020_SON

TES_2011_MAM

Scales are not uniform!
| Highest number
" CrIS ~0.6
AIRS ~1.3
e TES ~2.2

1?6 18 20 22
TES_2011_MAM
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IASI-MUSICA_2020_DJF IASI-NOPIR_2018_DJF
180° 120°W 60°W 0° 60°E 120°E 180° 180° 120°W 60°W 0° 60°E 120°E 180°

Much higher
DOFs for
SOFRID

MUSICA+NOPIR
. some very
[ ————— = gy P high dofs at
~2. " | | high latitudes +
stronger
latitudinal
gradient

14 15 % £
IASI-MUSICA_2020_DJF IASI-NOPIR_2018_DJF

0.‘6 0.8 1.0 12 0.0 0.5 1.0 15 2.0 25 3.0
IASI-TN20R_2011_SON IASI-SOFRID_2014_MAM 10
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CrlS_2020_MAM

180° 120°W 60°W 0° 60°E 120°E 180°
60°N 60°N
30°N 30°N
0° 0°
30°s 30°s
60°S 60°S
<~
180° 120°W 60°W 0° 60°E 120°E 180°
4.0 45 5.0 5?5 6.‘0 6:5 7.0 75 8.0
CrlS_2020_MAM le18
TES_2011_MAM
180°
60°N
{30°N
o
30°s
60°S
180°
6.’0 675 7.0 75 8.0
TES_2011_MAM lels

180°

AIRS_2015_MAM

0° 120°E 180°

60°N:

30°N

60°N

CrIS (and
AIRS): higher

30°N

0° 0°
-
concentrations
60°S 60°S H H
IN SUD-TropICs
180° 120°W 60°W 0° 60°E 120°E 180° V S t r i C S
4.0 45 5.0 5‘5 6.'0 675 7.0 75 8.0
AIRS_2015_MAM lels
TANSO-FTS-FOCAL_2020_MAM
180° 120°W 60°W 0° 60°E 120°E 180°

60°N|"~

30°N|

30°S|

60°s|"

300

320 325
TANSO-FTS-FOCAL_2020_MAM
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IASI-MUSICA_2020_MAM IASI-NOPIR_2018_MAM
60°W

NOPIR: high
values over
mountains?

]
120°E 180°
4.0 STO 5;2 54

6.0
IASI-MUSICA_2020_MAM IASI-NOPIR_2018_MAM lel8
IASI-TN20R_2011_MAM IASI-SOFRID_2014_DJF

0° 0° 60°E 120°E 180°

T T

6.‘0 6.5 7.0 7.5 8.0 4.0 45 5.0 5.5 6.0 6.5 7.0 7.5 8.0
IASI-TN20R_2011_MAM le18 IASI-SOFRID_2014_DJF le18
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CrlS (2020) 6.4e+18

AIRS (2015) 6.5¢+18

TES (2011) 6.6e+18

IASI-MUSICA (2020) 6.7e+18
TANSO-FTS-FOCAL (2020) 6.8e+18
IASI-SOFRID (2014) 6.2e+18
IASI-TN20OR (2011) 6.35¢+18

CrlS PC (2020) 5.0e+18

AIRS vs CrlS Bias Difference (DJF)
180° 120°W 60°W 0° 60°E 120°E

0
AIRS ? CrlS seasonal bias difference

180° 120°wW

Little bit less
tropical dip

CrIS

compared to ol

9 ;J"T .f":a‘
(it
)

TES vs CrlS Bias Difference (DJF)

TES ? CrIS seasonal bias difference

TANSO-FTS-FOCAL-TC vs CrlS Bias Difference (DJF)
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it S
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TANSO-FTS-FOCAL-TC ? CrlS seasonal bias difference
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IASI-NOPIR vs CriS_pc Bias Difference (DJF)

0
IASI-NOPIR ? CriS_pc seasonal bias difference lel7

IASI-SOFRID vs CrlS Bias Difference (DJF)
180° 120°W 60°W 0° 60°E 120°E 180°

IASI-SOFRID ? CrlS seasonal bias difference lel7

Differences more
outspoken

Higher conc in
tropics.

NOPIR: strong pos
biases in isolated
regions

Musica stronger lat
gradiant

SOFRID high
contrast in
Africa+Indonesia
increase over
tropical forests

IASI-TN20R vs CrlIS Bias Difference (DJF)

60°N| 60°N

30°N 300N

2

30°3, 30°s

60°S

IASI-TN20R ? CrlS seasonal bias difference lel7

IASI-MUSICA vs CrlS Bias Difference (DJF)
180° 0°

IASI-MUSICA ? CrlS seasonal bias difference lel7
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5 Reference data TCCON

Total Carbon Column Observing network Eurcka. e o~
- EHAR?:[{;%;.%fNy-AlesundSodankylé :
+ Highly centralized (harmonization, quality control) B e O 4 5. W
Four C e A l:)arrliésans GK;::;::E ¥R . Xianghe e’ "
+ Calibrated (and corrected) using in situ aircraft O < RN 0 o STulbe
measu rements m Yucatan Peninsula ‘ o .
- CO2, CH4, N20, HF, CO, H20 and HDO only A Al
Ascension Islan arwin
- Profile scaling retrieval Spefaional Site § © Reunion

= Future Site

Wollongong

- Shorter Timeseries (later start + GGG2020)

Lauder
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#'5| Reference data NDACC

Network for the detection of Atmospheric Composition
Change

+ long timeseries

+ Optimal estimation retrieval => ‘Profile’ information
N20: 3-5 DOF
CFCs: ~1

- Less harmonization

Rec:;i;:g by Measured Episo;l:g:ome
Species DOFS Species DOFS Species
1 CzHe <2 CCIsF (CFC-11) 1% SO;
2 HCN < 2.5 CHsD ~1 CH5OH
3 CH, 2.5 - 3.5 [CHCIF, (HCFC-22) | 1* clo
4 CIONO, 1% CO, 2-3.5 CoH2
5 CcO 25-4 COF; <2 CCl,
6 HCI 25-4 H,CO 1 CF,
7 HF 2.5-3.5 H>0 <3 CHsOH
8 HNO; 2.5 -4 | CCF; (CFC-12) 1%
e N,O -5 HDO <3
10 03 -5 N2 ~1
11 NO ~1
12 NO, <2
13 07} ~1
14 oCs ~2.5
15 SFg 1%
16 HCOOH ~1
17 CoH4 ~1
18 NH5 ~]1




#'5 Reference data AGAGE

 The Advanced Global Gases
Experiment

e Surface In situ
e ALE/GAGE/AGAGE since 1978

 CFC-11, CFC-12, CFC-113, CHCI,,
ccCl,, CH,CCl; CH,and N,O at all
sites + many more at selected sites

o https://agage.mit.edu/instruments
* Primarily used to assess long term trend analysis



https://agage.mit.edu/instruments
https://agage.mit.edu/instruments

o)
4 )
[

45 Principles and Methodology

Use an as uniform as possible approach.

Collocation criteria: 500km within 2 hours

Compare satellite measurement with ‘what the algorithm would have retrieved if the reference
measurement were to represent the true state’

If present: Use a uniform a priori profile (given that we have competing Algorithms we will use the
reference data a priori)

Apply the satellites vertical sensitivity information onto the reference measurement profile

For TCCON, no profile information is available, therefore we apply this to its scaled a priori profile

18




CrIS N20 500km 8hr and FTIR.N20 N20 relative differences (SAT-GB)/GB (2-weekly mean, surf - toa)

EUREKA.PEARL -
NY.ALESUND =
THULE =

KIRUNA =
ST.PETERSBURG =
BREMEN =
ZUGSPITZE
JUNGFRAUJOCH
TORONTO.TAO =
RIKUBETSU =
BOULDER.CO
TSUKUBA =
IZANA =
MAUNA.LOA.HI
ALTZOMONI =
PARAMARIBO =

[ 1
=

= 80.0°
- 78.9°
- 76.5°
- 67.8°
- 59.9°
-53.1°
- 47.4°
- 46.5°

™l —T "

43.6°

43.5°

40.0°
- 36.0°
- 28.3°
= 19.5°
= 19.1°
- 5.8°
- -34.4°
- -45.0°
- -77.8°

WOLLONGONG =
LAUDER =
ARRIVAL.HEIGHTS =
0 0y 0V 0 o) 0L 0V 0L 0V 0L 0 0 0}
0 02 0% & 0% 06 o1 0% 09 40 AL A2 o)

10

(SAT-GB)/GB [%]
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AIRS N20 500km 8hr and FTIR.N20 N20O relative differences (SAT-GB)/GB (2-weekly mean, surf - toa)

EUREKA.PEARL = - 80.0°
NY.ALESUND o I E . - 78.9°
THULE = - 76.5° 8
KIRUNA = I [ - 67.8°
ST.PETERSBURG = = 1= - 59.9° 6
BREMEN = = 53.1°
GARMISCH = = 47.5°
ZUGSPITZE = ] [ - 47.4° .
JUNGFRAUJOCH = - 46.5° k)
ToronTO.TAO i} ] [ | N 4360 | F2 8
RIKUBETSU = - 43.5 =
BOULDER.CO = = 40.0° L > g
TSUKUBA = = - 36.0° <
IZANA = - 28.3 g
MAUNA.LOA.HI = = 19.5°
ALTZOMONI = = 19.1°
PARAMARIBO = [ - 5.8° -6
LA.REUNION.MAIDO = --21.1°
WOLLONGONG = - -34.4° -8
LAUDER = = -45.0°
ARRIVAL.HEIGHTS = M M W 77.8° 6
0 0} 0} 0} .0} 0 0 0 .0} .0} K\ 0} 0}
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NOPIR N20 smooth 500km and FTIR.N20 N20 relative differences (SAT-GB)/GB (2-weekly mean, surf - toa)

EUREKA.PEARL = - - 80.0°
NY.ALESUND = - 78.9°
THULE - 76.5° g
KIRUNA = - 67.8°
ST.PETERSBURG = - 59.9° 6
BREMEN = - 53.1°
ZUGSPITZE = - 47.4° 4
JUNGFRAUJOCH = - 46.5° g
TORONTO.TAO = 43.6° -2 @
RIKUBETSU = - 43.5° =
BOULDER.CO = . . ' [ — 7 -40.0° | -2 ©
TSUKUBA = . = 36.0° &
IZANA - 28.3° g
MAUNA.LOA.HI = - 19.5°
PARAMARIBO = - 5.8°
WOLLONGONG = -34.4° &
LAUDER -45.0°
ARRIVAL.HEIGHTS -77.8° i
0250 00 0 00 0007 000 081 008 (500 030 T o o T e

Overall positive bias. Toronto=?(issue with NDACC)
Stronger biases for Southern stations
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FOCAL N20 500km 8hr and FTIR.N20 N20 relative differences (SAT-GB)/GB (2-weekly mean, surf - toa)

NY.ALESUND =
THULE =
KIRUNA =
BREMEN =
GARMISCH =
TORONTO.TAO =
RIKUBETSU =
BOULDER.CO =
TSUKUBA =
HEFEI =

IZANA =
ALTZOMONI =
PARAMARIBO =
WOLLONGONG =

--I-

LAUDER = M M M M

oY

o) X
2029°7 20

oY

o)

7.07—0'03’

o)
2020

Qa0

)
1010'06—0

o)
2020

o)
202%

(\}%
202%

o)

v 1
2029 0 o

00 ol g Y =
00 ) 0 \) 7‘010 o

0 -
207 >

- 78.9°
- 76.5°

-67.8"
-53.1° 6
- 47.5°
- 43.6°
= 43.5°
= 40.0°
= 36.0°

(SAT-GB)/GB [%]

- 31.9°

- 28.3°
= 19.1° -6
- 5.8°

s e

FOCAL N20 500km 2hr and FTIR.TCCON.N20 xN20 relative differences (SAT-GB)/GB (2-weekly mean, surf - toa)

EUREKA =

I 80.0
NYALESUND = - 78.9°
SODANKYLA = -67.4°

EASTTROUTLAKE = 54.3°

BREMEN = -53.1°
KARLSRUHE = F49.1°
PARIS = - 48.8°
ORLEANS I 48.0°
GARMISCH = k- 47.5°
PARKFALLS = - 45.9°
RIKUBETSU = - 43.5°
XIANGHE = 39.8°
LAMONT = 36.6°
NICOSIA = F35.1°
EDWARDS = 35.0°
PASADENA = F34.1°
SAGA = F33.2°
HEFEI -31.9°
IZANA I 28.3°
BURGOS = [ 18.5°
DARWIN = F-12.5°
REUNION = - -20.9°
WOLLONGONG = - -34.4°
LAUDER = - -45.0°
UULUNGNL UGS GRS U SR A S U R s
oY o 0% o 0% 0% o 0% 0% 0} Eus 0% %
'1.07-“'0x 107-0'“1 107-0'03 7.07-0'“[A 107-0'“5 1010'06 107-“'01 107-0'06 107-"'03 '107-‘530 107_0,1x 107-0'11 ').07-&0x

Limited consistent data: with outspoken biases for high altituc

(SAT-GB)/GB [%]

sites,
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N20 (E16 molec/cm?2)

N20 (E16 molec/cm?2)

N20_MUSICA NDACC NH
SAT =0.9x1.7; FTS=-0.4%x1.9 ppb/yr

Seasonal cycle

720- =0
700 201
680 1 o
660 — |
6401 1 N20 MUSICA NDACC 0
620 - NDACC _10- ~
Q> .ol > ol QY ol QY o) oY JFMAM] J] ASOND
5 50 (60 60 O A0 (0% a0 o
20> 8> 28> 8T 0% 0> 487 07 0>
N20 MUSICA NDACC SH
SAT =1.3%1.6; FTS=-0.9+1.5 ppb/yr Seasonal cycle
s = - N - . oo y SR e 2 O i ”\\\
700 1
10 -
650 1 04 \
10 L
600 7 _20 ) \\\ /‘,‘
“ N20_MUSICA_NDACC _ v/
5501 NDACC ; —301 Y
o il e el el o gl @ J FMAM] J ASOND
5 50 (6060 10 10 @0 0O (o
20> 48> 28> 8T 98> 4BY 187 07 0>
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N20 (E16 molec/cm?2)

N20 (E16 molec/cm?2)

N20O_AIRS_NDACC NH
SAT =0.9%+2.0; FTS=1.6+1.8 ppb/yr

200, == N20_AIRS NDACC | 281
’,/\.J/ \\ 25 |
o1 //

600 s

500 - —50 Y
~754

400 ~41001
125

B I O B N N NS\

N20_AIRS_NDACC SH
SAT =-1.0+1.1; FTS=-0.8+1.6 ppb/yr

700 A

650 1

600 N |

s50] 7 N20_AIRS_NDACC \J/
NDACC

20
10

—10
—20
—30

B I B N NS\

30 -

0

i \\W /

- \/

J FMAM] JASOND

Seasonal cycle

JFMAM | J ASOND
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CFC11 Trend Analysis

240 ” | ~\-\—
\/
-
rd
230
/
> 7/ ‘\ I
a 1\, i !
|8 ' . '
220 4 **** IASI data
== |ASI trend: -0.63%£0.07 %/yr
®00® StPetersburg data
== StPetersburg trend: -0.33%+0.17 %/yr
mmmm AGAGE-jungfraujoch data
== AGAGE-jungfraujoch trend: -0.69+0.10 %/yr
210 7" adeded AGAGE-macehead data

== AGAGE-macehead trend: -0.66+0.31 %/yr

9000 AGAGE-gosan data

= = AGAGE-gosan trend: -0.61+0.04 %/yr
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CFC12 Trend Analysis

540 +

520

500

pptv

ERONBN

480 1

460 -

440

W, .

IASI data

IASI trend: -0.75+0.04 %/yr

Bremen data

Bremen trend: -0.50%0.12 %/yr
NyAlesund data

NyAlesund trend: -0.77+0.16 %/yr
StPetersburg data

StPetersburg trend: -0.48+0.07 %/yr
AGAGE-jungfraujoch data
AGAGE-jungfraujoch trend: -0.64+0.03 %/yr
AGAGE-gosan data

AGAGE-gosan trend: -0.61+0.07 %/yr

T T

Q ‘v ™
% >
,19 rLQ

T
>
>
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HCFC22 trend analysis

HCFC22 Trend Analysis

280
260
240
2
g
wewk  |AS| data
220 - == |ASI trend: 1.69+0.31 %/yr
ee®e® jungfrau data
== jungfrau trend: 1.97+0.22 %/yr
EEEE izana data
200 7 == jzana trend: 2.01+0.40 %/yr
ketd  AGAGE-jungfraujoch data
= = AGAGE-jungfraujoch trend: 1.24+0.33 %/yr
4006 AGAGE-gosan data
aih - = AGAGE-gosan trend: 1.91+0.23 %/yr
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Statistical parameters

To avoid impact from strong outliers (or outlier stations due to high altitude/urban centres etc. ) we us
*  Median
* Scaled Median Absolute Deviation (SMAD)

* 1.4826 median(] x — median(x) |)

* In brackets we show the 95% confidence bands using a bootstrapping method

SMP: SMAD (SAT-FTS)/FTS (in %)

Bias: Median (SAT-FTS)/FTS (in %)

RA: SMAD (Bias per station)

SRA: SMAD (seasonal bias per station)

Med R: Median (R per station)

R all: R using all SAT-FTS pairs regardless of station
N: number of SAT-FTS data pairs
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SMP

Bias

RA

SRA

Med R

R all

Validation (NDACC)

3.45[2.70, 4.45]

2.13[-4.92, 4.40]

5.53 [-7.88, 9.23]

6.56 [3.10, 9.41]

0.11[0.03, 0.16]

0.38

117819

3.57 [2.03, 4.74]

3.42 [-2.62, 4.92]

4.80 [-6.59, 7.53]

4.99[1.91, 7.08]

0.16 [0.08, 0.23]

0.32

123623

1.66 [1.58, 1.77]

1.37 [0.50, 1.69]

0.70[0.01, 1.22]

0.93 [0.54, 1.30]

0.55 [0.23, 0.91]

-0.73

1096

Limited lat band!

1.39[1.29, 1.45]

2.92[2.06, 3.63]

1.37[0.90, 2.14]

1.46 [1.16, 1.94]

0.89 [0.85, 1.05]

0.13

1259704

1.421[0.81, 1.79]

0.83[0.42, 0.94]

0.62[0.25, 1.11]

0.68 [0.37, 0.89]

0.02 [-0.29, 0.04]

0.30

329918

2.53[2.11, 2.82]

3.90 [2.83, 4.62]

1.20[0.50, 1.91]

1.23[0.65, 1.57]

0.04 [-0.05, 0.06]

0.28

867476

1.26 [1.19, 1.44]
2.28 [1.54, 3.12]

-0.44 [-0.78,-0.22]
2.49[-2.32, 4.33]

0.57[0.10, 0.74]
3.73[-2.87,6.74]

0.55[0.32, 0.71]
3.86 [2.00, 5.80]

0.40 [0.28, 0.48]
0.13[-0.10, 0.22]

0.59
0.86

4638
1283

Limited lat band! -
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Conclusion

Apart from CrIS (lack of DOFs and AVK information), AIRS (lack of AVK info) and TES (extremely limited sampling
in public dataset), which hamper a decent in depth analysis, it is too soon to favor one of the other scientific
N20 products

As for the CFCs, ULB's retrieval method looks well suited to capture long term CFC trends in the atmosphere
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