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 Inform on the project’s objectives
 Detail the Copernicus Sentinels, ESA, Chinese and ESA Third Party Mission data
utilised after 2 years
 Inform on the results after 2 years of activity
-- cloud shadow detection algorithm for TROPOMI
-- impacts of cloud shadows on TROPOMI NO2 products
-- aerosol optical thickness retrievals using urban building shadows in GF-2
-- aerosol optical thickness retrievals using cloud shadows in Landsat-8
 Inform on the project’s schedule, planning & contribution of the partners for the
following year
 Report on the level and training of young scientists on the project achievements,
including plans for academic exchanges
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Project’s objectives
Detect the cloud shadows and
Analyze the impact of the 3D cloud effects on trace gas retrievals.

Use the (cloud) shadow and neighbour pixels to derive aerosol optical thickness
and surface albedo.

Use 3D radiative transfer model simulations to understand the cloud effects on
TROPOMI NO, products.
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e Detail the Copernicus Sentinels, ESA, Chinese and ESA Third Party Mission data
utilised after 2 years

e We have used:

-- S5P L1B, L2 NO2, AAI, cloud products from November 2020 to June 2021, 8
months of data for all orbits over Europe, Africa, Asia.

-- VIIRS images for 20 scenes

-- GF-2 data for 30 scenes

-- Landsat-8 data for 18 scenes



EO Data Delivers

Data access (list all missions and issues if any).

ESA Missions ESA Third Party Missions Chinese EO data
Scenes Scenes Scenes

1. Sentinel-5P L1B,

L2 (NO2, AAI, months 1Landsat-8 1. GF-2
clouds) full orbits 2. 2

data 3 3

4. 4.

2. 5 .
3. 6 6
4. Total: Total:
5. Issues: Issues:
6. No .
Total:

Issues:

No
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DARCLOS: a cloud shadow detection algorithm for TROPOMI (Trees et al., 2022

AMT)

Effective cloud fraction

Cloud flag (CF)

Cloud centroid height
Surface height
Viewing geometry

[llumination geometry

|

Potential cloud
shadow flag (PCSF)

|

SCNLER
DLER

Actual cloud
shadow flag (ACSF)

Spectral cloud
shadow flag (SCSF)

Features:

Use TROPOMI
existing L2 products

Use reflectance
spectra

Three different
shadow flags

Suitable for
operational
processing



Results: cloud shadow detectio

4.5°E 6.0°E 7.5°E 9.0°E 10.5°E 12.0°E 45°E 6.0°E T5°E 9.0°E 10.5°E 12.0°E 4.5°E 6.0°E 7.57E 9.0°E 10.5°E 12.0°E

VIIRS true color B potential cloud shadow flag (PCSF) B actual cloud shadow flag (ACSF)
[ cloud flag (CF) 1 cloud flag (CF)
B cloud- and shadow-free B cloud- and shadow-free

Trees et al., 2022

* Processed 8 months of TROPOMI data for cloud shadow flags
* Cloud shadow flags have been used to reprocess the TROPOMI DLER product
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at VIIRS overpass time

Trees et al.

VIIRS true color + TROPOMI ACSF

VIIRS true color + TROPOMI ACSF

 Take into account cloud motion when comparing cloud shadows between

3 min earlier than TROPOMI)
tes is about 6-9 km, 1-3 pixels shift of cloud

TROPOMI and VIIRS (VIIRS measures 4

INnu

* Cloud displacementin 5 m

shadows.
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Validation results

Results: cloud shadow detection

China

80.005-88.007° E

Example Coordinates Date Orbit  Omission Commission  Omission Commission  Fj score
error error error error ACSF
PCSF PCSF ACSF ACSF
Southern Chile 53.528-49.626° S
and Argentina 0476 dlgew 3 August2019 9355 0.05 0.48 0.10 0.01 0.94
The Netherlands 49.004-54.991° N
and Gormany 341101250620 |8 November 2018 5690 0.06 0.52 0.16 0.04 0.90
Sahara, 24.802-27.400° N
North Africa 3 06 12011°F 18 January 2021 16927 0.14 0.70 0.18 0.13 0.84
Taklamakan Desert, | 36.500—43.000° N
~ China T 76.000-88.000°F 22 December 2019 11348 0.02 0.77 0.08 0.02 0.95
" The Netherlands, _ 48.995-55.004° N
Belgium, and ' 2.000-8.000° E 9 October 2018 5123 0.05 0.61 0.20 0.07 0.86
~~Luxembourg
Taklamakan Desert,  37.006-42.005°N )\ s W o000 16527 0.10 0.51 0.13 0.11 0.88
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* Steps to retrieve NO2 VCD -
1) fit slant columns (Ns) | — a00mm
2) separate Tropospheric and 2 | = 760mm
Stratospheric columns (Ns_trop) 5
3) calculate airmass factors (AMF) 1= Shadow

— 760 nm

4) calculate vertical column
Ns trop/AMF trop

Qla- 3 T T T T T
=15 =10 =5 0 5 10

AMF is used to correct light path and ditance from.clopd eage lkm)
is typically calculated using 1D . |
RTM. Solid line 3D, dashed line 1D

ay 1e) i

12

10

£ 4

 Figures taken from Emde et al., 2022
AMT

high cloud
z [km]
(=]
z [km)
z (k]
L=i}
[
(30-10010 [%]

=10 o 10
% k]
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Europe 3 November 2020

, = -
70°E  80°E  90°E  100°E

no?2 trop ved [mol/m?2]

e ——— e — |
-0.0001 0.0000 0.0001 0.0002 0.0003

Il r<o [ cloud flag (CF)
[ spectral cloud shadow flag (SCSF) at 440nm [ cloud- and shadow-free
[ cloud- and shadow-free neighbour

Trees et al., 2022, in preparation
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Europe 2020-11 to 2021-06

2 0.00045

j@F

5 r=0.750

zj slope = 0.732 +/- 0.004 . .
= 0.00035 intercept = 0.000 +/- 0.000 . | Almost no differences between NO, in
‘g " shadow and in neighbour pixel
S

£ 0.00025-

g .

2 1. .'.-.:-::.. '.o s

o 5 7 21

i . S ;." '-""‘.:':."..'. ,7'4',:' .

§ 0.00015- % - *r:-a;-,_;:, )

5 R " B,

('3] e X -:‘-:; % .

Z  0.00005.5 %y,

Q ' e g

'o.:) . __;\,‘:'-"

= .

=% 2R

= —0-0008%0005 0.00005 0.00015 0.00025 0.00035 0.00045

tropospheric NO, vertical column [mol m 2] in neighbour pixel
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e Eastern Asia 2021-01 - 2021-06

TROPOMI/S5P 20210109 _
<P]
<
£ 0.00045
g r=0.934
00° E slope = 0.857 +/- 0.007
= 0.00035{ intercept = 0.000 +/- 0.000 - -* °
il s sAL
35.0° = g T )
o ., " % "._._.,.-;'" .t
£ 0.00025 _
g . :‘:"' ‘,." ‘
300° = IS SO
S I3 % ¢ 02 LR
= 0.00015 R 53 vyt
= a3 et Mgyt
E E R : ';?::"':. '
250° - ki LN
S e roial
Z  0.000051 | RN .
& i SOSEE
20.0° E) > 5 )
— ¢ o
| S 0.000052
1050°E  1100°E  1150°E  1200°E g 080005 0.00005  0.00015 0.00025 0.00035 0.00045

tropospheric NO, vertical column [mol m 2] in neighbour pixel
no?2 trop ved [mol/m?2]

0.0000 0.0002
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e 2019-12-04 VIIRS imagery and TROPOMI cloud, NO2 product, close to Shanghai

VIIRS imagery (true color)

Cloud fraction NO2 window NO2 VCD

Spatial resolution 5.6 km x 3.6 km

4 Shadow structure is not visible in
- NO, VCD image

1.0

Z:z AMFs are adjusted See poster Leune et

o2 in cloud shadows al.

0.2

0.0



( Results: AOD retrievals using
\ZINRsCe f

principle

Reflectance for a shadow pixel

dif(llo)T(llv)A
path ™+ 1- AS|
Reflectance for a bright pixel .ﬂ%
(e_T/uo_l_tdif(uO))T(uv)A 12345

I b - I + Top of Atmosphere

s Salille
e Assume same surface albedo at the two pixels s \?\‘7'

I _Ipath e_T/uo-l-tdif(uO)

I =1

ndihe
I - Ipath tdif (l’lo) Duan , 2001
* Minimize the difference to get AOD 1 atmospheric path
2,4 surface reflection
— / 0
c= Ib — Ipath B e (Tr+Ta) H +Tdif( ],10) 3,5 inter-action between surface and

atmosphere

Is_Ipath Tdif(uo)




Sensor

PMS
1/2

Band

Results: aerosol retrievals using

Band range (um)

0.45~ 0.90

0.45 ~ 0.52

0.52 ~ 0.59

0.63 ~ 0.69

077 ~ () 89

GF-2 instrument

Spatial resolution(m)
1

4

Band response / Transmissivity

0.8

o
=N

1N
IS
L

0.2 1

0.0 T 1 T
400 500 600 700
Wavelength(nm)

SNR(dB) Image width (km)
23-43 45

25-43

PMS1
-=-= PMS2

800 900 1000

Period ( day)
5



e GF-2 Beijing

20210105

N s Kilometers
o 1 2 4 6 8



( Results: aerosol retrievals u
\SINvasCr |

GF-2 AOD

0.6
@ cimel(500nm) == P1
® gi‘zls(g;s;{‘)m) ) v P; Good agreement with Cimel
0.5 A [ - nm * P
m B2(520-590nm) % P4 (Aeronet) AOD
m B3(630-690nm) ¢ P5 i
o
0.4
X
*
ég()3- ‘; i‘
= o § =z =
0s- ¥ v 3
i ¥
0.1 - '

0.0 T T T T T T
20171128 20191029 20200101 20200305 20201211 20210105

DATE(YYYYMMDD) Qiao et al., 2022, manuscript in

preparation



Results: aerosol retrievals usin

[.Landsat-8 data

Landsat 8, launch on 11 Feb., 2013

Band Wavelength Spatial
(um) Resolution
(m)

BO1 0.43 ~ 0.45 30
B02 0.45 ~ 0.51 30
BO3 0.53 ~ 0.59 30
B04 0.64 ~ 0.67 30
BOS 0.85 ~ 0.88 30
BO6 1.57 ~ 1.65 30
BO7 2,11 ~2.29 30

B08 0.50 ~ 0.68 15

i} B09 136 ~ 1.38 30

: m " o B10 10.60 ~ 11.19 100

T — B11 11.50 ~ 12.51 100

O T = . {

| DR v _J Sy — Operational Land Imager (OLI) BO1 - B09

Wavelength (nm) Thermal Infrared Sensor (TIRS) B10 - B11

* M35 bands 1-4 were known as bands 4-7, respactively, on Landsats 1-3



Results: aerosol retrievals using clg

Landsat-8 image

Mongolia

China

J —

I S i lometers
0 75 150 300 450 600




( Results: aerosol retrievals using'c
A\ vacce

L.andsat-8 AOD

* Landsat-8
030 20210611
. e Bl (443nm) e B3 (561nm) e BS5 (865nm) ® Selected 18 cloud
0.5 e B2 (482nm) e B4 (655nm) +  Satellite - Cimel sha d_OW p]_XGlS
0.20 1 retrieved AOD using
o o ° °
0.15 1 o 8 g e ¢ .o, i Landsat8 Band 1~5.
® ® o o o o o 4 ¢ s o o
* o o s $ ° H ° e ° ° ° (] .
R S T T N T S S IR ® Good agreement with
- AERONET AOD.
b oL b $ 1! ! Tt
0.00 gt I B S S
20,05 e ! >
-0.10

Pl P2 P3 P4 PS5 P6 P7 P8 P9 PI0 Pll PI2 PI3 Pl4 PI5 Pl6 P17 PIS Oiao et al., 2022, manuscript in

preparation



Planning for next tw

* Publish the AOD retrieval paper using GF-2 and Landsat-8 scenes
 Apply automatic shadow detection algorithm on GF-2 and Landsat-8
 Apply AOD retrieval algorithm to TROPOMI

 Publish the analysis of cloud shadows in S5P NO2 products
e Simulate the impacts of shadows on NO, and Aerosols using 3D models.

e Improve NO, retrievals at high spatial resolution



@mw European Young scientists cont . 1onsm @esa

Dragon 5

Institution Poster title Contribution

Benjamin KNMI Observing 3D Cloud Analyze the cloud shadow effects on
Leune Shadow Effects in the S5P S5P NO2 product. Improve the NO2
NO2 product products for high spatial resolution
satellite measurements
Victor Trees KNMI/TU-Delft Develop cloud shadow detection

algorithm, analyze cloud shadow
effects on NO2 products, simulate
impact of cloud shadows on aerosol
and NO2 products.



@,ﬂgﬂ, Chinese Young scientists contri
Dragon 5 |

Institution Poster title Contribution

Congcong Qiao |A Aerosol optical thickness retrievals
from GF-2 and Landsat-8
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