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1. Urban area complexity

2. Spatiotemporal Variability
3. High-Resolution Data Requirement

Industry
ow challenging is to

The monita¥RZMIFSWIERHBABL
GHG urbarExclisaivge must include
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measure resolution
atmospheric modelling
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High-resolution simulation of CO, emissions in the Netherlands

Dutch Atmospheric Large-
Eddy Simulation (DALES)
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Annual National Emission Inventory

E m iSS i O n d ata (Collected and processed by RIVM)

Classified into groups according to the Standard
Nomenclature for Air Pollution (SNAP).

\.‘-'--":.t;l": )
3ot ]‘

L Rl i -
w - b T =
4 . L. a - ot 2
o P O 2 Q J = .
- ) C s ol G
‘ gt S 1
r
s '

© .+ + Types of Data:
i+ » 1.Point Sources (from industry):
S e A 1. Can be used in DALES as the location is exactly
£ e available. Vertical allocation is required!
PRl : .
+ -~ 2.Gridded Area Emission Data:
1. Available on km-scale resolution.

2. Too coarse for DALES; downscaling is required!

To justify the high resolution of DALES, we need
emissions to be aligned to DALES spatiotemporal
resolution and vertically allocated!
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This study addresses three main objectives:

Develop the downscaling emission workflow to prepare emission
inventories for realistic urban-scale simulation of CO, emissions.

Enhance the DALES model to simulate anthropogenic point sources and
area-based CO, emissions, as well as CO, exchange with biosphere.

Evaluate the developed framework against in-situ observations and LOTOS-

EUROS with prescribed turbulence to demonstrate the benefits of 100m-
scale simulations via LES.
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Before Refinement

Residential and Commercial [1x1km]

52.45°N
52.4°N
52.35°N
52.3°N
52.25°N

52.45°N
52.4°N
52.35°N
52.3°N
52.25°N

4.8°E 4.9°E 5°E

Traffic [1x1km]

i | - q
T — B i"'--
™ |- ;
- !
= -.
-,,

4.8°E 4.9°E 5°E

- U< combusuon

- = 04 indust. process.
- 05 extract./distr. fossil

103
10!
10°1

103

103
101
107!

1073

CO, emiss (kg m~2 yr~1)

52.45°N
52.4°N

52.35°N |
52.3°N [ 3

52.25°N

.*.

CO, emiss (kg m=2 yr=1)

52.45°N | 1=

52.4°N

52.35°N -5 5
52.3°N -
52.25°N E 4,

6 Thursday, October 31, 2024

Proxy data

Gas usage/Population

af T
Bt o

4.8°E 4.9°E 5°E

NO, traffic emiss

,,,,,

S (e)
4.8°E 4.9°E 5.0°E

100x100m

103

101

NO, emiss (kg m~2 yr=1)

After Refinement

Residential and Commercial [100x100m]

52.4°N

52.35°N [Zffgis

52.3°N
52.25°N

+ e et IR e
o LR O o Ol
PLE Tt AN S i
s yhas B ’(C)
I - S Tl N

103
10!

101

103

4.8°E 4.9°E 5°E

Traffic [100x100m]

s2.a5°N | 1L
52.4°N o 7 '}.{E .
52.350N : ' ,l,

52.3°N
52.25°N

E I T

103
101!

1071

103

4.8°E 4.9°E 5°E

— o3indust. comoust. LLLustration of spatial redistribution of annual CO 5 area emissions (kg
m~ yr™) from a coarse resolution of Ixlkm to a finer resolution of

VRIJE
UNIVERSITEIT
AMSTERDAM

VU¥

Ruisdael

observatory

CO, emiss (kg m~2 yr—1)

CO, emiss (kg m~2 yr—1)

#



T —
1. Downscaling emission workflow

Example of total static CO, emissions at 100m resolution:
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Plume top (m)

Plume top (m)

2. DALES extensions to simulate CO,

00:00 UTC

Vol. flow rate (m’s™)
<=10°
109-10?
10%-102
10%-103
103-104
>104

104

0 2000 4000 6000 8000 10000
CO, emission intensity (kg m=2 hour=?!)
12:00 UTC

Vol. flow rate (m?s-1)
. . <=10°
10°-10?
101102
102-103
103-104
>104

107

0 ' 2000 4000 6000 8000 10000

CO, emission intensity (kg m=2 hour=?!)

8 Thursday, October 31, 2024

r600

r550

r 500

r450

400

700

650

r600

r550

r 500

r450

400

Exhaust temperature (K)

Exhaust temperature (K)

1500

100

Plume top (m)
wun
o

104

Plume top (m)

104

06:00 UTC

. . <=10°

Vol. flow rate (m?s)

10°-10?
101102
102-103
103-104
>104

" 2000

4000 6000 8000
CO5 emission intensity (kg m=2 hour=1)
18:00 UTC

Vol. flow rate (m?s-!)
<=10°
10°-10?
10%-10?
102-103
103-104
>104

o

'2000 4000 6000 8000 10000

CO5 emission intensity (kg m=2 hour=1)

" 10000

I|700
650
r600

r550

500

-450

ll400
|I700
650

r600

T
w
w
o

500

-450

ll400

Exhaust temperature (K)

Exhaust temperature (K)

emissions

) \Gticat hAlwcatioh bfosphere
émiisAilolS:

tnesronipes e de sounled to

LANES includes A-gs (net CO
ass1mllat10n rate (A) stomatal

PR G

conductance (gs)) model (Ronda
et al., 20016 SiHtAG TR Y]
PRI mﬁhe&égalféﬁ%'%ﬁphe”c
OIS and assimilation
(frdomeksis) BObrasnshd
Akiergs olia3dd gktP018).

\ljzllj\fERSITEIT R LJ i S d a e | _I'_,.)

AMSTERDAM oDservd

VU¥



T —

Model experiment setup
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https://atmosphere.copernicus.eu/
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Results of simulation: diurnal cycle of near-surtace CO,

LOTOS-EUROS CTM [~1x3km horisontal res.] DALES [100m horisontal res.]
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Model evaluation

* Three measurement sites:
* |COS Cabauw tower (51.971 °N, 4.927 °E) :
. four heights: 27,67, 127, and 207m

* Near-ground TNO measurements: //f

L A5 /T
* 2. Westmaas (51.79°N, 4.45°E) (urban - < gpabauy
area) = !
« 3.Slufter (51.9461°N, 4.048°E) (North sea | e ™

shore)

e State-of-the-art LOTOS-EUROS CTM
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Evaluation against Westmaas and Slufter measurements
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Evaluation against Westmaas and Slufter measurements
(excluding night-time periods)
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Cabauw tower 27m
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Perspectives on LES development towards
the simulation of chemical species emissions

Downscaling of emission inventory in space and time

and refinement using proxy data. Unsertanties?
Increasing the spatial res of simulation (<100m)

Vertical allocation of emissions (stack heights, plume parameters)
prescribe a heat source at the chimney top?

Evaluation of NFF fluxes

Shift from Periodic to non-paramentric open boundaries

Topograthy, forest maps

and urban area landscapes in LES
Advance chemical sheme (gas-phase +

heterogeneous + how chemistry be affected
if resolution change?

Updating atmospheric dynamic in LES
(night time stable condition issue)

LES ensemble experiment within unsertanty of emissions
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Conclusions

* A new simulating platform (downscaling
emission workflow + DALES extensions)
aims at calculating spatiotemporal CO,
concentration  variability at  100m
resolution has been developed.

* The main novelty is to calculate upward
CO, fluxes in the Netherlands with the
turbulent mixing and transport explicitly
by means of the LES.

* The validation against in-situ observations
and LOTOS-EUROS CTM demonstrates the
improvements and current limitations of
incorporating explicit turbulence in high-
resolution CO, emission modeling.
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For more information, please contact me at:
a.doyennel@vu.nl

For more general information on the Ruisdael Observatory:
www.ruisdael-observatory.nl

DALES model code:
https://github.com/adoyenne/dales ruisdael emission new.qgit

Emission workflow:
https://github.com/ruisdael-
observatory/ghg_emission_inventory workflow.git
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