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How sensitive is the TROPOMI hitrogen dioxide retrieval to the surface albedo?
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TROPOMI'NO2: Upgrades and reproceséing

Launch 6 years of TROPOMI data
Oct 2017 . Surface Albedo

TROPOMI DLER v2.1
2.7.1 NRT/OFFL: H
Y (based on L1B v2.1)

G TROPOMI DLER v1.0
v2.6 OFFL vi.
v2.4 RPRO 0 ,o50FFL (based on L1B v1)

2.3.1 PAL RPRO “Covid-19”
4 " = g—° OMI LER (UV-VIS),
| | | | GOME-2 LER (NIR)

May May May May May May Time
2018 2019 2020 2021 2022 2023

TROPOMI DLER: Tilstra et al., 2024
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Retrieval scheme: surface albedo im_.paé-t

NO2 slant column
retrieval

Albedo impacts:
e Cloud fraction in the NO2 fit window

Stratospheric NO2 Tropospheric NO2 * Cloud P ressure and fraction
2t eching el from the O2-A NIR band

* Air-mass factor calculation
Cloud pressure Tropospheric

air-mass factor
02-A (Fresco) averaging kernels

Tropospheric
NO2 column

Cloud fraction Cloud (radiance)

02-A (Fresco) fra;'?::ol“’lvo2

Surface albedo Surface albedo Surface albedo
LER / DLER LER / DLER LER / DLER
NIR O2-A NO2 window NO2 window
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Retrieval scheme: surface albedo corrections

NO2 slant column
retrieval

Stratospheric NO2
slant column

Cloud pressure
02-A (Fresco)

Cloud fraction
02-A (Fresco)

Surface albedo
LER / DLER
NIR 02-A

Tropospheric NO2
slant column

Tropospheric
air-mass factor
averaging kernels

Tropospheric
NO2 column

Cloud (radiance)
fraction NO2
window

—

Surface albedo Surface albedo

LER / DLER LER / DLER
NO2 window NO2 window

When albedo is too high:
Albedo is lowered (since v2.2) when reflectivity is lower than expected
from climatology -> Increase NO2

Note: When albedo is too low, the cloud retrieval will (partly) correct for
this, but the effective cloud pressure should be realistic
(poster Maarten Sneep on FRESCO cloud retrieval)

TROPOMI NO, VCDtrop v1.2 [10*3 molec./cm™2]
0 10 20 30 40

L ljuly'2018 otrbit 03';04 N
; o ny
Cloud free pixels only :_,;f _
" =~15% increase A

Measured
Reflectivity

van Geffen et al.,
2022

y =1.163x - 1.827 (r = 0.996)

With albedo correction
TROPOMI NO; VCDtrop v2.1 [umol/m?]

200 300 400 500 600 700
TROPOMI NO, VCDtrop v1.2 [umol/m?]
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Retrieval scheme: surface albedo chrections

When albedo is too high:
NO2 slant column Albedo is lowered (since v2.2) when reflectivity is lower than expected
retrieval from climatology -> Increase NO2

the cloud retrieval will (partly) correct for

: _ Surface albedo corrections B =0uld be realistic
Stratospheric NO2 Tropospheric N( make NO?2 retrieval SCO cloud retrieval)

slant column slant column N
less sensitive to - -
. TROPOMI NO, VCDtrop v1.2 [10*° molec./cm™*]
albedo climatology updates 10 20 30 40
Tropospheric “‘1 July 2018 orbit 0.3704 ‘
air-mass factor °F Cloud free pixels only
averaging kernels A

Cloud pressure
02-A (Fresco)

U
o

Cloud (radiance)
fraction NO2 Measured

window Reflectivity
—

Surface albedo Surface albedo Surface albedo
LER / DLER LER / DLER LER / DLER
NIR O2-A NO2 window NO2 window

S
o
o

Cloud fraction
02-A (Fresco)

w
o
o

N
o
o

van Geffen et al.,
2022
y = 1.163x - 1.827 (r = 0.996)

100 200 300 400 500 600 700
TROPOMI NO, VCDtrop v1.2 [umol/m?]

With albedo corre
TROPOMI NO; VCDtrop v2.1
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Surface albedo; DLER directionality in the NIR

V2.3.1 v2.4.0 N27
GOME-2 LER TROPOMI DLER v1.0 TROPOMI DLER v2.1

NIR albedo (758nm):
Strong East-\West directional

asymmetry over vegetation
in DLER albedo:

(East - West) =0.10-0.15

] (d)

—— S5P DLER (v1.0)
==- S5P LER (v1.0)
S5P DLER (v2.1)
--- S5P LER (v2.1)

,
/
/

S~
M
/v‘/’/~?

NV ad

A
f’J-:\\AfK’)’\\ /\/‘/\/
P, W

S A e !

SR ) e x b

VSRR ! T i
Vet yr

A Surface reflectivity 758nm
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Cloud fraction and pressure in the NIR- i

V2.3.1 v2.4.0 N27
GOME-2 LER TROPOMI DLER v1.0 TROPOMI DLER v2.1

NIR cloud fraction:
Large cloud fraction bias
of about 0.15 on East side
imyES. .

Bias disappears in the
TROPOMI DLER

Cloud pressure change:
v2.4-v2.3.1=-150 hPa
(east side orbit)

]

A cloud fraction [

— V2.4
T — v2.71

-60 -40 -20 0 20
Viewing angle [degrees]
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Surface albedo, DLER directi'o'nality_ in the NO2 fit window (440nm) @esa

v2.3.1 v2.4.0 v2.7.1
OMI LER TROPOMI DLER v1.0 TROPOMI DLER v2.1

UV-Vis albedo (440nm):
Smaller East-\West directional
asymmetry in DLER albedo:

(East - West) = 0.01

Calibrated radiances in L1B-v2
lead to uniform lower albedo:

v2.1-v1.0= —0.008

A Surface reflectivity 440nm

M/ A/
{ ¥V ssp DLER (v1.0)
-~ S5P LER (v1.0)
S5P DLER (v2.1)
- S5P LER (v2.1)
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Viewing angle [degrees]
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Surface albedo corrections, using reflectance

Surface albedo corrections, individual pixels

v2:.3.1

1000001 [OMILER == 24 | TROPOMI DLER v1.0

; \2/ eAr,am)e(elso %cilljgsted, " 9% pixels adjusted,
e ' ‘average —0.010

TROPOMI DLER v2.1
| . . 3% pixels adjusted,
' l average —0.010

w0
(O]
|9}
C
(O]
o
>
O
(&)
(@]
Y
(@]
| S
[V}
QO
E
=
( =

0 Luwmummnlﬂﬂmlm

-0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02
surface albedo correction [-]
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Impact on NO2

v2.4.0 -v2.3.1

Impact on NO2 not very large,
within +- 2e14 molec / cm2
linked to albedo adjustments

1-v2.4 surface albedo

Signals over tropical
biomass burning linked to
LER -> DLER

Systematic increase over
hotspots for
S0P DLER v2.1 -v1.0

[10'® molec/cm?]
[10%> molec/cm?]

v2.7.1-v2.4 NO;, VCDtrop

v2.4-v2.3.1 NO; VCDtrop
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Impact on'NO2; v2.7.1 — v2.4.0

Larger impacts observed over East Asia in Winter ...

Tropospheric NO2, v2.7.1 Tropospheric NO2, v2.7.1 — v2.4.0

75

0

16 January 2021, East Asia, cloud filtered
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Impact on NO2; v2.7.1 —v2.4.0

Larger impacts observed over China in Winter

NO, VCDtrop [1el5 molec/cm2] | orbit 16894

About 9% increase in NO2
over China in January
v2.71-v2.4 (RPRO)
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Impact on'NO2; v2.7.1 — v2.4.0

... but almost no difference in August

Tropospheric NO2, v2.7.1 Tropospheric NO2, v2.7.1 — v2.4.0

16 August 2021, East Asia, cloud filtered
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Conclusions

Level 1B, v2.1

/

Cloud pressure e I
(fraction) in NIR = ant column
Air-mass factors

TROPOMI DLER
climatology v2.1

Cloud fraction
NO2 fit window

Albedo
adjustments

TROPOMI v2.7.1 (Sept 2024)
will introduce the
TROPOMI DLER v2.1

This will bring for the first time
full internal consistency

(radiance closure)

All inputs for the AMF are
derived from same Level 1B v2.1
degradation-corrected reflectances
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