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Monitoring urban NO, with TROPOMI data
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Instruments for urban air quality montoring

Source

Advantage

Disadvantage

Reference network

Low-cost sensors

Satellite
(polar orbiting)

Regional air quality
models (CTM)

Urban air quality
models

Accurate measurements
Hourly measurements

Dense networks possible
Hourly measurements

Global coverage
homogeneous measurements

Good description of various
species

Hourly concentration fields
Vertical description of air pollution

High spatial and temporal
resolution

Sparse network, if present at all

Inaccurate measurements,
data quality issues such as bias

Daily measurements (when not too
cloudy)

Coarse spatial resolution
Tropospheric columns, not surface
measurements

Low resolution compared
to urban landscape
(CAMS has 10 km resolution)

Realistic input data
(emissions and meteorology)
not always available




Using tropospheric NO,, columns from space
Making the best of individual TROPOMI retrievals

( 15 Jan 2019, 13:32 UTC 15 Jan 2019, 13:00 UTC
as seen from space by data assimilated from
TROPOMI/S5P surface
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NO2 [ug/m3]

= Simulating individual

retrievals avoiding information loss
from gridding or averaging
observations

Applying averaging kernel
including retrievals from partially
cloudy scenes

Emission update, not direct

concentration assimilation
concentration updates at overpass
will disappear in few hours



Annually averaged
NO, surface
concentrations from
the EPISODE model
over Oslo (100 m x
100 m horizontal
resolution).
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Approach for Oslo

59.85°N <

The black triangles
indicate the locations
of air quality
observation stations.

Using the EPISODE urban
dispersion model (Hamer et al.,
2020):

100 m resolution NO, fields
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Comparison of the NO, TVCD from TROPOMI (left) and the corresponding EPISODE
NO, column (right) over Oslo region for 11 March 2019 at 11:25 UTC.




Results for Oslo

Detecting/correcting
seasonal biases in
EPISODE modelling

Direct emission
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S5P-derived model
bias agrees well with
model bias against
stations throughout the
year.
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S5P/TROPOMI-corrected emissions result in up to 20%

higher accuracy of the EPISODE model simulations

throughout the year.



2019-03-11, 13:01 UTC

Approach for Madrid

N

Retl n a al g O r | t h m (Mijling, Atmos. Meas. Tech., 2020) mg é 1:2: JMH
= Built around AERMOD .
2019-03-30, 13:44 UTC
Column retrieval Simulation (with AK)

* Emission proxies for urban emissions
= Estimating emissions factors from ; } l Hw
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March 2021
TROPOMII (preliminary)

Results of the Retina Algorithm

Time series at Castellana street station, March 2019
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Added value of satellite data: Possibilities and limitations

* TROPOMI can be used to improve estimations of urban emissions,
resulting in improved simulation of NO, surface concentrations

= At high latitudes: small signal, months without sampling
» TROPOMI misses diurnal cycle

= Difficult to beat hourly in-situ measurements (when available)

» Added value especially for cities with limited or no ground observations




Exploring the data with Lobelia Explore

=  Serverless architecture
Increases performance and
reduces costs

= Spatial and temporal
evolution of air pollution

. o " User-friendly exploration of a
Reanalysis of hourly NO, concentrations " point area. transect or the
in Sofia from January to April 2022 S s [ ’ . :
whole city

S

https://explore.lobelia.earth/retina
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Outlook

» Generation long time series, study emission trends

» Rotterdam + Warsaw

» Towards faster/generic implementation in new cities

» Open source code for Retina algorithm

» Preparation for Sentinel-4: hourly data captures diurnal cycle

= More information: Bas Mijling = bas.mijling@knmi.nl = website: hitps://citysatair.nilu.no
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