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Overview

+ Motivation
* Model-data-fusion system

- Test data:

- Tall tower measurements

- CERES (CarboEurope regional Experiment)

» associated uncertainties,
and possibilities'for mitigation

* Closing remarks



Motivation

Scientific questions:

Where and by which
processes Is
anthropogenic CO,
sequestered?

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

What is the carbon
budget of a specific
region
(continent/country)?
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Estimating Reginal Carbon Balances:
Top-Down vs. Bottom-Up Approach
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Estimating Reginal Carbon Balances:
Top-Down vs. Bottom-Up Approach

Tall Towers Atmospheric
Observing System
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Atmospheric
Observing System

~1 decade ago: only remote sites
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Motivation

CO, in the continental atmospheric boundary layer:

Variability on diurnal and synoptic scales

=> Information on surface fluxes
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The challenge: we need ...

- Model-data fusion

- merging Top-Down and Bottom-Up
- Test data, to assess models capability

- Experiments with high density observations
(space & time) -> CERES

- Falsifiable models

- scalable from experiment scale to scale of
Interest

- quantitative (error bars)
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VPRM Vegetation Photosynthesis and Resplr'cmon Model
[Pathmathevan et al., GBC 2008] S Gl

Optimization of parameters
a, B, A, and PAR,

SYNMAP land cover
[Jung et al., 2006]
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Net Ecosystem Exchange, time 2003-07-02 01:00:00

VPRM
biospheric CO, fluxes
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Model-Data Comparison
Global model - Biscarosse coastal station Regional

Experiment

Biscarosse station, 16.05-15.06, 2005
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Model-Data Comparison

o

WRF-VPRM 2 km - Biscarosse coastal station Regional

Experiment

Biscarosse station, 16.05-15.06, 2005
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Respired CO2 signal

10 ppm surface
CO,= 10ppm 2005-05-26, 18™°
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Mesoscale covariance of transport and CO2 fluxes
"3D rectifier effect”
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STILT-VPRM

IER + EDGR CO_2__fossiI emissions
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STILT-VPRM

STILT-VPRM (regional) CERES Dimo measurements
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STILT @ Ta” Tower. Bialis:tok tall twer footprints
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Sep 06 Bialystok 300 m level

BIK CO2 vs. STILT-ECMWF 300m
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Aug 05 - Oct 06 Bialystok 300 m
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e

O rsq.stilt
STILT-VPRM - reaims

1 TM3 analyzed fields

Correlation coeffitient model vs. measuremen
r2
0.4
|
|

0.0




Bialystok
tall

g tower

1E

1E -2

1E-4 1E-3
surfaca influence [ppmi{umelaim®s)))

1E -5

o 1) :
Model: STILT-ECMWEF -
A Ly P~

10

=10 4] 20 30

-6

1E

35

langitudaTdes)

8 tall towers (> 100 m) in Europe
instrumented with continuous
profile measurements

Optimize VPRM using STILT

=> Regional scale hourls fluxes at
10 km resolution



Uncertainties involved
(continental stations)

Advection
TrA(;\nZPOIPT PBL mixing \/ winds uncertain \
ode N
Convection | spatial qu>i variability
Transport : Qnixing ratios uncertain
Model + Flux GT'd. /
Model resolution

Flux Model |Aggregation

Precision,
accuracy

Measurement




Uncertainties involved
(continental stations)

: ~ 5 ppm Lin and Gerbig,
Advecnon\\Qummer"rime) 2005
Transport " . .
winds uncertain
Model PBL mlxmg\ !
Conveetion spatial qu>i variability
Transport . mixing ratios uncertain
Model + Flux GT'd. ]
Model resolution
comparison of radiosonde
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Measurement el
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Uncertainties involved
(continental stations)

: ~ 5 ppm Lin and Gerbig,
guvaCction (summertime) 2005
Transport " ~ 5 ppm Gerbig et al,
Model Ptk (summertime) 2007
#elacilay mixing height uncertain
Transport Grid - = _
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Model resolution
comparison of radiosonde
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Uncertainties involved
(continental stations)

: Spatial statistics of  big,
Advection (su multiple profile
measurements
Tf‘;/l\'c‘)sdpeci'"’f PBL mixing (s (COBRA experiments) .
Convection /\ o
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Uncertainties involved
(continental stations)

: ~ 5 ppm Lin and Gerbig,
govection (summertime) 2005
Transport — ~ 5 ppm Gerbig et al,
PBL mixin
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"Eyesight of the atmosphere”
Reduction in flux uncertainty, spatially resolved, as
function of a-priori covariance length scale
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Uncertainties involved
(continental stations)

: ~ 5 ppm Lin and Gerbig,
= iion (summertime) 2005
Transport " ~ 5 ppm Gerbig et al,
Model Rl i (summertime) 2007
Convection ?
Transport : ~ 1 ppm @ :
Model (summertime)
depending on .
Flux Model |Aggregation|/Aggregation and Gertélgoeé‘r abs
Model
Measurement a0 0. -pprm WMO
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Mitigation?

Modifying some
measurement strategies ...



PBL mixing problem

+ Add a device to monitor mixed
layer height

- e.g. Ceilometer (operational at
many airports and weather
stations, globally ~5000)

* Cheap LIDAR
» Continuous observation of cloud

- base, but also ver‘rucg#roflle of

backscatter up to 7:5°km possnble

pa




Regular vertical profiles: Aircraft

-

TAGOS (Integration of routine 4
Aircraft measurements into a 31;;_";_-- ap. &
Global Observing System)  * &

Predecessor (1993-2004):

MOZAIC (Measurement of Ozone
and Water Vapour by Airbus In-
Service Aircraft)




IAGOS: From MOZAIC to Sustainability

Size & Weight Ambition & Scope

MOZAIC I+lI

MOZAIC I 1.0

© 0,+H,0+CO+NOy

0,+ CO + NOy + NO, + |
H,0 +[CO}+ clouds + aerosol

IAGOS ""'~~.,x1mg

FP6 Design Study

IAGOS-ERI

European Research Infrastructure




IAGOS (Integration of routine Aircraft measurements
Into a Global Observing System)

Sensor for
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Picarro CRDS system

SBIR (Small Business Innovation Research) project with
Picarro & NOAA
- Modifications to ensure stability
- Size/weight reduction
- Repackaging & Certification
- First deployment in 2011, up to 7 A340 aircrafts

&30 Specification Value
CO, Precision < 100 ppbv
1 75" ' CH, Precision <1 ppbv
5.25" : H,O Precision < 50 ppmv
E g5 ¢ Measurement <1 second
] Speed

Drift (30 hours) |< 150 ppbv




MetAir Dimona
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Closing remarks

Model-data-fusion:

Merging bottom-up and top-down is required, otherwise both are
underconstrained at relevant scales

High resolution information from intensive campaigns:

important for model validation

Mesoscale modelling with WRF-VPRM:

VPRM captures NEE on relevant spatial and temporal scales
WRF-VPRM captures main mesoscale transport features

Models aren't perfect, and they will never be.

reduction and characterization of uncertainties is required
representation error: not necessarily random
mesoscale modeling required to bridge the gap to global models

aggregation error: specification of a priori uncertainty and
covariances needed (may be solve for?)



Closing remarks II

Transport: modified measurement strategy can help

- PBL height: additional measurements needed near towers,
assimilation into transport fields

- Vertical mixing: regular vertical profiling
= TAGOS, FTIR, OCO, GOSAT

To utilize long term & large scale information from mixing
ratio observations, we first need to model (or parameterize)
the short term & small scale with minimal bias
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