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Motivation

Scientific questions:

* Where and by which
processes is
anthropogenic CO,
sequestered?

* What are the main
feedback processes
between carbon cycle
and climate system?

e Whatis the carbon
budget of a specific
region
(continent/country)?

8 k= I lond use
L I fossil fuel
6 |- —
n
H B o
~3" ]
. n [ fossil fuel combustion I
& 2 -
oh
l n
St
-~
= - i
— olmosphere
o 2 -
o 2 .
o 2
= 4
#ﬁ . .
6=
= almosphere ocean

8 -_I lond

L I ocean

1960 1970 1980 1990 2000

. i [Canadell et al., 2007]
“Airborne fraction”

SRNWP Workshop, Bad Orb, 26-28% October 2009



Estimating Carbon Balances:
Top-Down vs. Bottom-Up Approach
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Observational networks (EU Infrastructures)

Tall Towers

ZOTTO Commercial Airliner
(Zotino Tall Tower Observatory)
Central Siberia
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Global scale inverse modeling
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 Global inverse modelling
using remote stations

— Tight constraint on global
budget

— Existence of NH sink (,,missing
sink”)
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Global scale inverse modeling
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Regional scale inverse modeling

Sub-continental scale
inversions

e including continental
stations

* much stronger
variability

SRNWP Workshop, Bad Orb, 26-28% October 2009



Regional scale inverse modeling

Footprint Biscarosse tower 2005-05-19 15:00:00
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Model-Data-Fusion

Model uncertainty
Flux uncertainty

(Gerbig et al., 2009)
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CO, as seen by a high resolution model

V P R M Net Ecosystem Exchange, time 2003-07-02_01:00:00

biospheric CO, fluxes

fractional vegetation cover + MODIS EVI
fluxes upscaled from Eddy cov. msmts.

Vegetation-Photosysthesis and Respiration Model, created at MPI-BGC
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CO, as seen by a high resolution model

VPRM
biospheric CO, fluxes

fractional vegetation cover + MODIS EVI
fluxes upscaled from Eddy cov. msmts.

CO2 at 0.1 km, time 2003-07-02_ 00:00:00

Net Ecosystem Exchange, time 2003-07-02_01:00:00

NEE [umole/(m®s)]

—20

-30

—

Vegetation-Pholosysthesis and Respiration Model, created at MPI-BGC

_§  WRF-VPRM, 10 km res.
CO, (-366 ppm) at 150 m

WRFCASAVPRM, created at MPI-BGC

[Dhanyalekshmi et al., ACPD 2009]
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Lessons from CarboEurope: increasing resolution helps

COQ, ppm

Biscarosse station, 16.05-15.06, 2005
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Lessons from CarboEurope: increasing resolution helps

Biscarosse station, 16.05-15.06, 2005
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Lessons from CarboEurope: increasing resolution helps

Biscarosse station, 16.05-15.06, 2005
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Lessons from CarboEurope: increasing resolution helps

COQ, ppm

Biscarosse station, 16.05-15.06, 2005

415

410

405

400

395

390

385

380

375

3701

365

| ' | —— Observation
TM3 '
LMDZ
—— WRF-VPRM -

21-May

05-Jun 10-Jun 15-Jun
[Ahmadov et al., 2008]

26-May  31-May

SRNWP Workshop, Bad Orb, 26-28% October 2009



Uncertainties involved
(continental stations)

: ~ 5 ppm Lin and Gerbig,

Advection (summertime) 2005

Transport Model| PBL mixing ( su;r?\;rp’rrinme) Ger'tzalogoe7‘r al.

Convection ?

Transport Model| . . . | ~1ppm @ 200km | Gerbig et al,,

+ Flux Model 6rid resolution (summertime) 2003
depending on :
Flux Model Aggregation | Aggregation and Gert;ugoeé’r al.
Model
Measurement Precision, 0.1 ppm (targeted) WMO
accuracy

fossil fuel CO, signal across EU

~0.5 ppm (annual average)
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YSU scheme CO, MYJ scheme CO,
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e Example impact PBL scheme:
CO,, 2" model level (~60m)

[ 2
"' - Use observational constraint for
- mixing height:
- network of ceilometers (cheap Lidars)
- radiosonde derived mixing heights
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Model-data
missmatch
concentrations

Model uncertainty
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Eulerian + Lagrangian vs. observations

-

Ochsenkopf tall tower (163 m)
1000 m elevation
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Eulerian + Lagrangian vs. observations
Ochsenkopf CO2 at 163 m
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Eulerian + Lagrangian vs. observations

Ochsenkopf CO2 at 163 m
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closing remarks

* Regional flux estimation for CO, require high
resolution models:
— mesoscale transport phenomena

— better representation of observing sites
— fluxes (models) needed at high resolutions, bridging gap
to ecosystem measurements

e Mesoscale transport simulations indicate significant
performance increase compared to global
simulations

 Transport model improvement required

— Mixing heights (additional data)
e STILT/WRF as transport adjoint for WRF:
— Inconsistencies to be traced
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WRF-VPRM modeling system setup




