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Inter-band mis-registration zeesir™ (opemions - oesa
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TROPOMI footprints for UV (BD3) and NIR (BD6) are not identical. Thus, the operational OCRA/ROCINN
cloud parameters need to be co-registered from the original band.

Currently, the co-registration of S5P cloud parameters is performed using the static mapping tables

provided by KNMI. Our goal was to improve the co-registration using VIIRS cloud information from the
updated re-gridded NPP product developed by RAL.

VIIRS RGB (source: worldview.earthdata.nasa.gov) VIIRS cloud fraction in BD3
: 11 1 1

-0.8

-0.6

*TROPOMI footprints in BD3 (magenta) and BD6 (black) 2



Current co-registration scheme sz (oogmicns =~ {PeSa
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. . w 1.0+ 1 Contribution of nearby pixels towards East
Current co-registration scheme at the 5 . ; ——- 1 pixel
. . g U.81 - —-- 2 pixels
operational CLD product is based on EM_ "~ — 3 pixels
static mapping tables produced by '§04_
KNMI (Sneep, 2015). 2 0.
a
o 0.0
The pre-computed tables contain the 0 100 200 300 400
. . . BD6 target pixel
Welghts When CO'reg|Ster|ng from w104 Contribution of nearby pixels towards West
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. 0 p—— i ‘-'_'""""4--._______ —_ i __’_/_—__—
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Sneep, M.: Sentinel-5 precursor inter-band coregistration mapping tables, SSP-KNMI-L2-0129-TN, issue 4.0.0, 2015.
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- OCRA retrieves the radiometric cloud fraction a priori in UV

- VIIRS ECM cloud fraction is defined as number of confidently cloudy devided by sum of all four categories
(confidently cloudy, probably cloudy, confidently clear, probably clear)

Weight calculation for the following scenarios:
e 2 UV source pixels contribute to the target NIR pixel. VIIRS

wirs | v | mrneq ] UV pixels have different cloud fraction values (By,gs # Cyyprs):
Imager [ | MVR[] ] L
N A P M - M+ 1)
<----- et I T
Source UV ; e FYRGT = I GHAY T + = DDA T+ 1]
IR e 2 UV source pixels contribute to the target NIR pixel.
L o VIIRS UV pixels have equal cloud fraction values (B, s =
Target NIR "“é“l%f”‘R‘[{“']“*é“> Cyirs): . MYNR[)
A P YUl = MUVi]

ARG = WU + @ = v GIDA T+ 1]



Co-registration of the OCRA cloud fraction| | mmsar Copemicss = {oeSa

- At the east edge of the swath, there is incomplete
overlap between the last UV and NIR footprints.

VIRS | | e ]
Imager { MNIR[j] ]
L v
Source UV "'";'“fic'“;““?“’
Target NIR - i _ f?I_W_R_ ,] _____ N

VIIRS cloud fraction and TROPOMI footprints for BD3 (magenta) and BD

Weight calculation for the following scenario:

1 UV source pixel contributes to the target NIR pixel:

fERUT = Wy ULV

Note: At the moment incomplete overlap is not taken into account !

0.8




Co-registration of the OCRA cloud fraction| & | mssar Copemicss = {2 €S@
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- At the location where the binning changes (NIR target pixel #19), there is a special case with 3 UV source
pixels contributing to the target NIR pixel.

[ wien T 1\:45”/[;1-] —r— Il ] Weight calculation for the following scenario:
VIRS | [ T k ] The usual case is when VIIRS UV pixels have different
Imager | — — cloud fraction values (By;zs # Cyyrs # Dyyprs):
DALt I (R T U N N DY U OO iy = M - M
Source UV v M (i = 1] = MV [i]
BN ’ o MYRG] — MYV 1]
VU= W M+ 1
LTI I NIR[] = Ly 1AV = 1] + (1= |y4l DYV + (1= ly,l
Target NIR (———E———E———;L---;L--_E___E___;L__?___E__.) fUV[EI-]l_ 1]2|]/1[]]|f [i ]+ [y U1+ 1y UID VT + ( lv2l1D
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Binning changes

TROPOMI footprints for bands 3 (blue) and 6 (red) for TROPOMI_00470_2017_11_15, for 5 scanlines starting with scanline 2680

UV pixel #0 has no overlap with NIR.

UV pixel #1 has partial overlap with a
single NIR pixel.

From UV pixel #2 to pixel #449, two NIR
source pixels contribute to the target UV
pixel with the exception of UV pixel #21.
For UV pixel #21, NIR pixel #19

contributes only.
This is where the binning scheme
changes.
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I A Weight calculation for the following scenario:
VRS MR I HVIR[ 1] ] 2 NIR source pixels contribute to the target UV pixel (Bgs
A ' — £ 5
meger| L oL HE' 1) Cures) HYY[]) = HY'R[j + 1)
LTI LTS
. *'*‘Z'gli;“]“f“’ iR b zJVil = yGNZYRGT+ (= Wy RIDZE™R ] + 1]
Source NIR ZNIR[j 4 1] c c c
i i i i i i : (———é———é———é———-fr——)
This is the case for all NIR pixels with exception to:
JE | 5UV [ o e UV pixel #0 with no overlap with NIR pixels
Tagetuv | s M f * UV pixel #1 and #21 where only one NIR pixel
I L o contributes.




Co-registration of cloud top height sezsiar (opermious

- At the west edge of the swath, the second UV pixel
has partial overlap with the first NIR pixel.

r0.6

wirs | 0 [ A
moe | (Cwwm ]
Source NIR A ZZV’R ;'] Weight calculation for the following scenario:
i i i i i i i i € -~ - - - - - - -1 - =)
A A 1 NIR source pixels contribute to the UV target pixel
(Byyirs # Cyyirs)- This is the case for UV pixel #1 with
partial overlap and UV pixel #21 with complete overlap:
Tagetov | o |oo# b HOV[i
A A A yli] = —HéVIR[i]

zZV[i] = Iylillze ™= )]



Co-registration of cloud top height sezsiar (opermious

- At the west edge of the swath, the first UV pixel has no
overlap with any NIR pixel.

HNIR 0
VIRs |+ o+ oo L - 1)
Imager [ HYV[0] I HIV[1] ]
Source NIR (______Z_éij_E._O]___)
B ZVV[1]
I R i el RELEE
Target UV ; ng [0] P
€ - - — > ; i

Offset calculation using the VIIRS UV cloud information:

6 = HZV[1] —=HZY [0]

zZ'0] = z7V [1]1+ 8
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Co-registration of cloud top height  [&i] ammszr Copemicss - P82

Original parameter in NIR Co-registered parameter in UV VIIRS parameter in UV

Cloud Top Height [m]

CTH TROPOMI NIR CTH TROPOMI UV/VIS CTH VIIRS UV/VIS

11
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CF correlation plot / 20200911 CF difference histogram / 20200911
1.0
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> 70% of the pixels have the new co-registration .
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CTH CAL

CTH correlation plot / 20200911 CTH difference histogram / 20200911
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> 50% of the pixels have the new co-registration .
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Single cloud scene — CTH CAL
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 We developed an improved UV-NIR (BD3-BD6) co-registration scheme based on
VIIRS data. The old approach using static mapping tables is used as a fallback.

* The new approach fully exploits the cloud information from VIIRS and improves
significantly the co-registration results.

 Comparisons in the along-track direction have been performed against VIIRS and
in the across-track direction with collocated CALIPSO cloud data.

 The major improvement is found at inhomogeneous scenes and at cloud edges.

 Furthermore, the new method allows to provide cloud information for the first
UV detector pixel (where there is no overlap with NIR) by extrapolating the
OCRA/ROCINN results using the VIIRS cloud information. UV trace gas products
can now be provided for the first UV detector that up to now were skipped.

19
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* The updated re-gridded NPP product and the new TROPOMI co-registration

scheme were developed in the framework of the ESA MPC project (CCN#5 &
CCN#6) complemented with national funding.

* This work is well-supported by NOAA for the provision of VIIRS data.

* |t is planned to update the operational CLOUD product with the improved co-
registration in 2023.
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The VIIRS data contain the following cloud-related EDRs [Variables used for the new co-registration scheme]:

CloudBase: c/ldbasehght, cldbasepres, cldtophght_adj, cldtoppres_adj

* CloudDCOMP: cloudmicrovisod, cloudmicrovisodmdé

* CloudHeight: c/doptdpth, cldtophght, cldtoppres, cldtopemss

e CloudMask+AF: cloudprobability, cloudmaskbinary, cloudmask _*, dust_mask_*, smoke _mask_*

* CloudPhase: cloudphase clear, cloudphase ice, cloudphase liquid water, cloudphase _mixed phase

22
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The co-registration of both optical cloud parameters CA from ROCINN CRB and COT
from ROCINN CAL is performed similarly to the CAL CTH.

The cloud albedo is not included in the VIIRS data. Therefore, it is necessary to
convert the cloud optical thickness to a cloud albedo. Then, the co-registration
takes place in the cloud albedo domain.

23
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The co-registration is done only based on the static mapping tables (old scheme) in the following cases:

when S5P or VIIRS pixels contain a fill value. It affects all cloud parameters.

* when neighboring VIIRS pixels contain zeros because of the numerical errors at the weight
calculations. It affects all cloud parameters.

 when the weight calculation results to values outside the expected range [0,1]. It affects all cloud
parameters.

e when all 3 VIIRS UV pixels are equal (By;rs = C\yirs = Dyviirs) While S5P UV pixels are different (Bycgra #
CocraZ Docra)- It affects only the CF.

24



CTH [m]

The first BD3 pixel extrapolated using VIIRS wsssar (opemicss -~ {OeSa
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CH CRB CH CRB correlation plot / 20200911 CH CRB difference histogram / 20200911
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> 50% of the pixels have the new co-registration y
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CA correlation plot / 20200911 CA difference histogram / 20200911
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> 40% of the pixels have the new co-registration
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COT correlation plot / 20200911 COT difference histogram / 20200911
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> 40% of the pixels have the new co-registration
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Inhomogeneous scenes - CF
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TROPOMI footprints for BD6 (black) and CALIPSO overpass (red)
[10.474879, e Calculate the distance between the CALIPSO coordinates and the mid-pixel

23.030405] TROPOMI coordinates:

165
0 160

159

Ap =rad(p; — 1), AA=rad(A; — 1)

Ap

a = (sin 7)2 + (sin A?}‘)Z cos(rade,) cos(radg,)

c =2atan2(+v/a,v1 —a)

1649
1649 Bl
160

d=R c,withR=6378137 m

* Define the TROPOMI pixel within the CALIPSO point is co-located using a
search window for latitude [¢$-0.1, $+0.1] and longitude [A-0.05, A+0.05].

* CALIPSO L2 data used for the collocation: CAL_LID L2 05kmCLay-Standard-V4-20 is the Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) Lidar Level 2 5 km Cloud Layer,

Version 4-20 data product. Data for this product was collected using the CALIPSO Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP) instrument. 32



