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Comparing the CAMS regional models with TROPOMI NO2 observations
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CAMS = Copernicus Atmosphere Monitoring Service
CAMS provides regional AQ forecasts/analysis using ensemble of 11 national AQ models



Comparing the CAMS regional models with TROPOMI NO2 observations
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Satellite: TROPOMI NO; column retrieval
Green: good comparisons

CAMS = Copernicus Atmosphere Monitoring Service
CAMS provides regional AQ forecasts/analysis using ensemble of 11 national AQ models



Comparing TROPOMI with models over Europe, on daily basis

Single overpass, 26 July 2018

TROPOMI NO2 based on CAMS-regional a-priori CAMS-regional vertical column NO2
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TROPOMI tropospheric vertical column of nitrogen dioxide using CAMS a-priori profile (10A15 molecules/c...
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NO2 tropospheric column (1e15 molecules/cm2)
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e Detailed comparisons with models are possible on a daily basis (e.g. with the CAMS regional ensemble)
e Make use of averaging kernels! (here kernels are used to replace the a-priori profiles by CAMS)

e Importance free troposphere:
A-priori = CAMS-regional < 3km, plus CAMS-global > 3 km John Douros, KNMI




Impact of replacing the a-priori by CAMS
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Ratio = TROPOMI NO2 with CAMS a-priori / TROPOMI NO2 operational product (TM5-MP a-priori)



CAMS-TROPOMI comparisons over cities

Increase due to use of PAL product
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Using TROPOMI OFFL operational product (v1.2.x/1.3.x)

Using TROPOMI PAL reprocessed data (v2.3.1)




Validation with MAXDOAS and PANDORA
(Note: still based on v1.2 / v1.3 TROPOMI OFFL)

Improved slope

S5p vs MAXDOAS CAMSmodel vs MAXDOAS

a S5pCAMS vs MAXDOAS
25 {ount=2921,R=072 ,I 7 O count=2921,R=0.70 7 o unt=2921,R=0.60 R
nA=-2.5,medianA=-1.6 nA=-18,medianA=-1.1 /’ meanA=0.4,medianA=0.6
miawcno"l—;aa% ,,’.a . Z 30 miawctqo:-zlaa% PR " g 30 { mediana/GND=13% ".
v O 20 {stda=37,1/21P684=28 p) o stdA=37,1/2IP68A=27 - P stdA=4 4,1/21P68A=3.1 - .
D — RMA regr=0.54*x+0.55 V4 - zZ— RMA regr=0.64*x+0.63 . N — 25 RMA regr=0.92*x+0.91 - 1
< > fg Stduad=2 5.120P68uad=19 . 10! Q_%l Stdawal=2.9,1/2IP68amal=2.2 e g %J Stdawal=4.3,1/21P68amal=3.1 . 10
8 a 515 A e g 5201 L 2 E 2 ;
(= im - ~ " = IS) -g = - - ey} " . -
P = 8 e I - < . vy - ._-.{, o ] N = .
< 0o l0] | LARESRESTI T - 0 CEr R A T 5] PR
S E X 2T OE10{ -.yop=m L TRRE BE - |
= QX o sl TR g - o v °a 10 . )
n H "5 = "a = - " — - - I- - - [ - -
(V] | - " "t a = = m r - -l - = -
0 B el . - g ;- PLA ’-t - <E( > “
,,. Tl ' i i ' 100 m 0 ” '. - mE " ' ' U - y ‘ i i i 100
0 10 20 30 40 = 0 10 20 30 0 10 20 30 40
MAXDOAS tropNO2 VCD MAXDOAS tropNO2 VCD MAXDOAS tropNO2 VCD
[Pmolec/cm?2] [Pmolec/cm?2] [Pmolec/cm2]
S5P NO2 vs PGNtropo _ S5pCAMS vs PGNtropd, . CAMSmodel vs PGNtropo
25 {count=1735,R=0.77 7/ ~N count=1732,R=0.76 o~ count=1732,R=0.62 7
meanA=-3.5medianA=-2.7 " - £ 30 {meana=-2.4,medianA=-18 = meanA=-2.2,medianA=-15 ,’ 1
medianA/GND=-43% - . X O medianA/GND=-30% . N o 30 | medianA/GND=-26% P 10
O 20 |stda=37,1/21P688=2.9 - 1 10 O o5 | stdr=3 6,1/21P680=28 s 10 o stdA=4 4,1/2IP68A=34
(@) O — RMA regr=0.60*x+-0.34 . 2 RMA regr=0.75*x+-0.53 / — @ 25 IRMA regr=0.67*x+0.30 ,’ -
o > E stdamad=2.6,1/21P68amal=2.0 | - w0 g 20 stdamal=32,1/2|P68amal=2.4 _g g stdamal=3.8,1/21P6Bamal=3.0 | o
O N G 15 = o
S 23 DR <& &
v 29 915 5o
= © 010 in O =0 .
o = g n=>10 6 > . .
o - . o~ o~
(a8 n - |
(V] 5 g 5 R J g .
3 5
0 . . i . 0 c Q£ . . . i 0 = " . . . 0
10 20 30 40 10 . 10 20 30 40 10 - 10 20 30 40 10
PGN totNO2 - S5P stratNO2 VCD PGN totNO2 - S5P stratNO2 VCD PGN totNO2 - S5P stratNO2 VCD
[Pmolec/cm?2] [Pmolec/cm?2] [Pmolec/cm2]

S5P operational

S5P, CAMS a-priori

CAMS analysis



TROPOMI NO2 European product (with CAMS regional a-priori profiles)

Regional Tropospheric NO2 columns from TROPOMI @

with CAMS apriori Tropospheric NO2
<-- previous day next day -->

NO2 observation for: <=- previous month next month -->

Tropospheric NO2 on 18 April 2022

Region:  Europe B
Year: 2022

Month:  April (2]
Day: 18 @

TROPOMI NO, (CAMS Europe apriori) 18 Apr 2002 KNMICAMS ESA

submit

NO2 data file

https://www.temis.nl/airpollution/no2_cams.php



Summary

* The CAMS regional ensemble AQ analyses are compared to TROPOMI NO2:
Models and satellite correlate well in both space and time.

* Impact of replacing the a-priori profile is most pronounced in emission hotspots
(cities), 20-30% increases. Small impact in rural areas.

* CAMS a-priori improves slope in comparison to MAXDOAS and PANDORA.
* Free troposphere is important factor in comparisons.

* The European TROPOMI NO2 product (based on PAL reprocessing) is made
available on TEMIS.

Comparing Sentinel-SP TROPOMI N O, column observations with
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(TROPOMI - MAX-DOAS)/MAX-DOAS [%]

S5P MPC

TROPOMI vs
aircraft

Slope 0.68
R2 =0.96

With high-res
a-priori
Slope 0.77
R2=0.95

Conclusions:

- TROPOMI has low bias

- Partly due to (resolution of)
the a-priori NO2 profile.

- High correlation vs aircraft



Reasons for the low bias in the vl.x.y TROPOMI NO2 products

We identified two main contributions Update of FRESCO (FRESCO-WIDE)

to explain the low bias: introduced in processor version 1.4.0
Version 2.3.1 reprocessing:

1. A systematic low bias in the / The S5P-PAL dataset

FRESCO (O2A band) cloud height retrieval

2. The low spatial resolution (1x1 degree, 100 km)
of the a-priori profiles

This talk
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PAL reprocessed TROPOMI NO2 product, May 2018 - present

S5P-PAL Data Portal

Browse S5P-

PAL products

NO2

The NO2 dataset provided by S5P-PAL is a reprocessing of the official NO2 data product using the official NO2 L2
processor. This dataset is dedicated to support research on the impact of the COVID lockdown on air quality from space.

This dataset has been generated due to a switch in the processor version of the NO2 processor during early December
2020 introducing a discontinuity in the time series of the Sentinel-5P NO2 data. To harmonize this data record the latest
operational processor (version 02.03.01) was used to reprocess the data from the beginning of the mission until mid
November 2021 (aligning with the operational deployment of the V02.03.01 processor). The reprocessing consisted of a
regeneration of the FRESCO and AAl input products, followed by a reprocessing of the NO2 product itself using these new
inputs. Only the final NO2 products are made available via the S5P-PAL data portal.

In order to distinguish the reprocessed products from the operational products, all products generated with PAL use
PAL_ for the file class, as can be found in the filename of each product.

Note that this reprocessing activity is independent of the full mission reprocessing that is planned for 2022, which will use a
new radiance calibrated L1b dataset and will be performed by the Sentinel-5P PDGS

The dataset does not provide a full timeline and products for several orbits are known to be missing. Information about
known acquisition gaps in the data can be found on the webpage of Sentinel-5P. In addition to those cases
there are gaps due to missing L1b data (as can be found at the S

https://data-portal.s5p-pal.com
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Monitoring

Individual operational AQ models
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http://regional.atmosphere.copernicus.eu

Operational AQ ensemble
(incl. spread/uncertainty)

Once daily D+4 forecasts
Regulatory pollutants and pollens
Annual reanalyses

~ 10km resolution

SSECMWF ( opernicus

Ewrope’s eyes on Earth

‘ ‘ CAMS EUROPEAN AIR QUALITY PORTFOLIO

Atmosphere  Based on a multi-model approach (same boundary conditions, same emissions, same meteo,
assimilation of 1000+ surface observations for key species)
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