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B Challenges: Sources of errors in

e atmospheric inversion systems

Systematic errors in atmospheric transport have been identified
as the main source of uncertainty in atmospheric inversion
systems in Global Carbon Budget (Friedlingstein et al., 2023)

Sources of uncertainty in atmospheric transport modelling:

Advection schemes and resolution:
mass conservation and numerical Convective transport (Schuh and Turbulent mixing (e.g. Kretschmer
diffusion (e.g. Agusti-Panareda et Jacobson, 2023) et al,, 2012)
al., 2017, Eastham & Jacob, 2017)

NWP analyses (largest in boundary
layer and stratosphere) (e.g. Yu et
al., 2018, Zhang et al., 2021)
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CATRINE PROJECT

CATRINE: Carbon Atmospheric Tracer Research to Improve Numerical schemes & Evaluation. The project
aims to evaluate and improve accuracy of numerical schemes for tracer transport in Copernicus
Atmosphere Monitoring Service (CAMS).
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B3 High-resolution simulation models

Fundad by (he
European Union

Micro-HH, (Wageningen University)

Models inter-com pa rison: WREF-LES, (Université de Reims Champagne Ardennes)
PALM, (University of Helsinki)

At high resolution < 500 m

From CAMS and ERA5

Testing Boundary Conditions
From WP1/2

O S S X

My contribution will focus mainly on the use of WRF-LES model
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The red dots represent CO, and XCO, in-situ station locations, while
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72| WRF-LES simulation setup over Paris

EFunch.'rd hﬂlrlw
___ DO04-LES | DOS-LES
Horizontal resolution (m) 8100 2700
Grid number 182 x 182 232 x 232 220 x 220 208 x 208 256 x 256
Vertical level number 51
seu VB i WA 5 = (BT T o e | Initial and lateral boundary data from ERAS5 and
| - | CAMS
| s G 1
. R | S g | e A Topography: SRTM 1 arcs(~30m), 3 arcs(~90m)
i P oo [ | and GMTED 30 arcs (~1km)
oy G ' f 1ot | |
| bl s par otk Wil Land use data: Hybrid 100-m CGLC-MODIS-
5% . e | -“_:_’,_'1______" | II LCZ
| :
| i _ | Inventory data from TNO and Airparif.
: " i B E. 5 5 w_ﬁmg E SRTM: Shuttle Radar Topography Mission

GMTED: Global Multi-resolution Terrain Elevation Data
ERAS: fifth generation ECMWF atmospheric reanalysis
MODIS: Moderate Resolution Imaging Spectroradiometer

the blue triangles denote wind lidar profiler positions. CGLC-MODIS-LCZ: Copernicus Global Land Service Land Cover-

MODIS-Local Climate Zone
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&2 WRF vs weather stations
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Wind speed = The WRF model shows slight improvements in
e WRESOOM_ WRF:300m o WRFL0OM temperature and relative humidity accuracy with
- 2 ) . o '-”:' L k II o I 3 | . o . . .
b “ b lsata O L i increasing resolution, as seen in lower bias, MAE,
- "% 3 . *2 3.0 aaw “4 and RMSE, though correlation remains similar
2 -2 2 =2 2 “ across all resolutions.
; 3l 2 : 5 0 E 3 m
-3 z | z | 0 .
S S A T S R T T T A R = However, for wind speed, the coarser 900m
O8S Wind Spesd 51 85 Wind Speed [mg') OES 'Wind Spead [mog7') . . .
resolution outperforms finer resolutions, showing
the highest correlation and least error, while 300m
The IOT weather stations network used here, around 40 stations over and 100m simulations exhibit greater scatter and
WRF:100m domain, available from the AERIS data portal overestimation at higher wind speeds.

(https://www.aeris-data.fr/)
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B  \WRF vs LIDAR at PAARBO
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Mean and MBE of wind speed Mean and MBE of wind direction

| I T O TS I N Y SIS T [ AN S TSI T IS | SRS RS TN SN TN I | TSN I AN N S T I T
800 - B T 800 : : ' -I—--wnr.-iuu;-n-j BDOD i ——PAARBO | 80D ——WRE:S0m |
] == WRF:300m | ; e W 300 ! e WRF:200m | Z e WRF: 300M |
| WRF: 200m | l ——WHRF100m | 700 - == WRF:300m [ 700 - = WRF:200m |
i e WAF: 100M | 007 [ | ' H ——WRF:100m | - " -
600 600 " I"-\ i 600 600 1
5,;_;,[, EWD / | Ef:—l:":l_' i _ Ef:-'l.'-'l:l_'
| [ m | [ l ) L 14 b o= !
a0 4 - E#'&D—_ Jln" I/{ L E-ﬂﬂﬂ I[ é-ﬂl.‘.lll-:
m: Ej.:,ﬂ I/ t q.‘ll'l:lnll qﬁ-ﬂltl -\\\J |
f ! | f il [ ] 5
200 - 00 - | : 200+ | { E 200~ r
100 Eo1004 ! 100 Foo1004 -
u I ———————— I I] I i o = = e 4 r. [y 2 =l Ly i _- |:| i e g ¥ R R Y g I |:|- ..... | R T Bl iE I B S | mea prat
0 3 B 9 12 15 -3.0 -1.5 0.0 1.5 3.0 o 60 120 180 240 300 36D -3 -5 -3 0 3 & g
Wind speed [m-571] MBE of wind speed [ms57%] Wind direction [degree] MBE of wind direction [degree]

* The wind speed MBE indicates a slight overestimation at all levels for the 900 m run,
= While the 300 m and 100 m runs show more vertical variability, alternating between over and underestimation.

= Mean wind direction differences decrease with altitude across all resolutions.
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- WRF CO2 for 2024-01-11 at 13UTC at 10m above

Fundeaiy o the surface
2024-01-11T13:00:00
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o

48.85°N ‘\‘"

= At 100m resolution, two
distinct point sources are
clearly resolved, whereas they
appear merged into one at 900 m

= Finer resolutions better capture
localized features that are
smoothed out at coarser scales.

48.8°N §

4.2°E

460 480
COZ [ppmyv]
= In the low-resolution domains: the plume appears larger and less concentrated

= In the high-resolution domain: the plume appears smaller, more concentrated, and better defined.

= Local wind patterns influence the dispersion of CO,, resulting in differences across the various resolutions.
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- CO2 concentration: WRF vs Picarro/Midcost
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Time series of CO2 concentration: WRF vs Picarro at Time series of CO2 concentration: WRF vs Midcost at
Jussieu the Eiffel Tower

* The 100 m resolution run captures the high CO, concentration event on January 16 at both Jussieu and the Eiffel Tower,
which 1s missed at 900 m, highlighting the ability of high-resolution simulations to detect sharp, localized peaks.

= However, the 100 m run occasionally overestimates concentrations during periods without observed peaks, suggesting
increased sensitivity to local emissions or model dynamics at finer scales.
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MBE across Stations and WRF domains
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= A consistent negative bias across all resolutions
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= The 900 m run performs better statistically because its coarser resolution
smooths CO: fields, providing more consistent values that align better with
station observations, even if localized peaks are missed.

* [In contrast, the finer 300 m and 100 m runs capture more spatial detail, but 1f a
station 1s not directly located within a high-concentration area, the model may
underestimate or overestimate compared to observations, leading to greater

variability and error.
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- WRF XCO2: 100m and 300m aggregated at 900m
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Average for the 10 days, for 13-14h of the days The average relative difference
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= Aggregating 100 m and 300 m XCO: to 900 m shows differences up to 35%
= Also reveals differences in plume shape and spatial distribution.
= Aggregated outputs do not fully match native 900 m fields in magnitude or shape

= Raises key questions: Are these differences significant for inversion accuracy? And is 900 m resolution sufficient to
represent urban CO- variability?
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B3 Conclusion and Perspectives
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Conclusion Perspectives
* Meteorological variables show comparable correlations * Create a pseudo-data from the high
across resolutions. resolution and run the inversion model

* High-resolution (100 m) WRF simulations better capture . PR .
localized features and sharp CO, peak events that coarser ’ O‘uant!fy hO\,N resolution-driven differences
resolutions, but 900 m resolution provides more consistent affect inversion results
statistical performance overall.

* Develop aggregation/downscaling methods to

* Aggregating fine resolution CO; fields to coarser grids results better preserve plume features
in differences in plume shape and magnitude, raising

important questions about the impact of resolution on
inversion accuracy and emission estimates. . . ]
* Test approach in other cities (e.g., Tokyo) with

different topography and emissions
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