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Introduction

GHG budget of regions derived from atmospheric
observations

From global monthly means on background sites to
observation within the source and sink regions

Requires high resolution modelling and observations

Representativeness of point observations (ground based,
satellite)

Transport errors
Rectifier effect

Information content of the high time resolution atmospheric
observations

Expanding network of Tall Towers in Europe

High resolution modelling: zoom from 2 degree to kilomter
resolution

Decent prior flux estimates

climate e



Transport model inter-comparison

Protocol
Common sources

Domain boundaries from global model
(TM5)

Tracers: CO,, SF, ?%?Rn

Experiment 1
European domain, 2002-2003
Comparison with tall tower measurements

climate hnse



Models

RAMS-VU
RAMS-Alterra
TM5-SRON
LOTOS-TNO
COMET-ECN
WRF v3(-FLEXPART)-ECN

—lf
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Transport Models experiment 1

TM5
COMET
RAMS-VU
RAMS-ALT
LOTOS

(global, 1°x1°x25lev, IMAU/SRON)

(NH, 0.5°x0.5°x30lev, ECN)

(Europe, 80kmx39lev, VU)

(Europe, 48kmx34lev, Alterra)
(Europe,0.5°x0.25°x4lev<3500m, TNO)

climate hnse
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Conclusions exp. 1

Model performance is limited by model
resolution & PBL dynamics

Results (except for problems that need to be
resolved) confirm CarboEurope experiments

Next: high resolution modeling for selected
periods in the ME-2 golden year 2008



Experiment 2

May+June 2008

CO, global boundary conditions from prior
CarbonTracker-EU

FACEM CO, hourly NEE
4 km resolution monthly MODIS data (primavera)
SYNMAP 5 min landuse.

0..12.5W:45.55 N at 5 minute res.
-12.5.25W: 35-65 N at 15 minute res.

ECMWF analysed oper. model 12 min res.
IER 1 km fossil fuel fluxes

Pieterse et al, 2006 (DOI 10.1111/j.1600-0889.2007.00266.x )
Pieterse et al, 2008 (SRef-ID: 1680-7375/acpd/2008-8-4117).



F|UX€S IER fossil fuel emissions 1km res.



Fluxes racem mode (ECN/EPA)

FACEM parameters
13 species
18 land use types
USDA soil classification
Up to 21 canopy layers

Used schemes
Multi-layer and leaf angle
radiation model
Biochemical scheme for R and
R, parameters

Berry regression for
photosynthesis

Available Soil Water (ASW)
budget model

W ater stress model

Turbulence correction scheme for
ECMWF data
Autotrophic respiration scheme

Heterotrophic respiration scheme

1 Wu, Y., B. Brashers, P.L. Finkelstein, J.E. Pleim: A multilayer biochemical dry deposition model 1. Model formulation, J. Geophys. Res., 108 (D1), 4013
Pieterse G, et al, 2006. Tellus B 59 (3), 412-424



Fluxes s optimised MLEF (VU), NEE (umolim2/sec) May to
August, 2003-2005 at 1 km res.
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Forward simulations RAMS-VU

Forward simulations for the Netherlands

Limited area (600 x 600 km), 4 km resolution
Studied CO, and Temperature

Results:

CO, tracers from within the domain dominate the
signal

Comparison with atmospheric temperature
observations could constrain the energy fluxes in
the domain.



Tracer mixing ratio (ppm)

60

40

20

Simulated CO , mixing ratio at Cabauw 200m:
Influence of different tracers (RAMS VU)

— > Respiration signal

~__—— Fossil fuel signal

? Sea-flux signal
Background signal

Assimilation signal

Time (DoY)



F|UXGS Fossil fuel uncertainty



comeT/FACEM Hegyhatsal CO ,

R(CG, 110delsin=0.80, bias: 0.5 ppm; RMSE=6 ppm



Temperature and humidity profiles (RAMS-VU)

12:00 24:00

T bias of ~ 3°1In
the simulation with

default settings
(red and blue)

Flux adjustment
needed to a match
the observed T
and humidity
(green)



Conclusions of hires limited area simulation

Full CO, time series may be used to constrain
the different tracers

- nocturnal accumulation of FF and respiration
tracers

- difficulty: sensitive to meteorology (e.g. stable
boundary layer)
The atmospheric signal is influenced by fluxes
at short temporal and spatial scales
=> a large part of the signal can be used In

small scale inversions, which are limited in time and
space



Representation Errors

Variation in the CO, concentration within
one grid cell

Mismatch of point observations with
average values of model grid cells

Representation Error (RE)

We studied the RE with a high resolution

simulation (2km) in South Western France
for two days

Kolk et al, 2008



RE (ppm)

RE at different model resolutions

Mesoscale circulations important
(sea breeze)

Without strong mesoscale circulations

RE increases with decreasing
model resolution
RE with mesoscale circulations:
~1-25ppm
RE without mesoscale
circulations:
~0.5-1.5 ppm
RE errors can be substantial
(larger than measurement error)

High resolution modelling
important for RE reduction

Kolk et al, 2008



NitroEurope C6.2 Inversion (prelim.)

@ 5 models, 90 stations, GHN,O, Rn

NitroEurope IP



CH, Inversion (prelim.!)

)

NitroEurope IP



When using a dense network ...

For this synthetic inversion result 6 months of con tinuous hourly
observations at 10 stations were used = 43200 recor ds



Conclusions

Large improvements in:
High resolution regional transport model tools
Transport models by using the (new) observations
Prior emission fields
Inversion algorithms

Observations
Number of stations
Continuous
Accuracy
Within the source and sink region

Comparison with observations -> model improvement
CH, emission verification is ready for application
CO, high resolution inversion still needs work

For succesful verification at the national scale global data and
modelling is essential

From models we learn which observation data we need

where, from observations we learn where to improve the
models: iterate until...



The End



