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Estimating regional fluxes
Ill posed problem
Errors amplification
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Inversions

Sources
xb + errors

transport
H

Simulated
Concentrations

Observations
yo + errrrs

Forward model

S       - ∇ • ( ρ C V )       =            (ρ C)   ∂
∂t

Inversion

Estimation : 

Error :

H x = y

xa = xb + HTR −1H + P−1( )−1HTR −1(y0 −Hxb )

Pa =  ( H  R   H + P   ) 
t -1 -1 -1

Flux estimate  xa which produces the best fit the atmospheric data



Joint constraints!  Complementary 
methods : 1. Continental budgets
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Inversion of Continental Fluxes
Apportionment of NH sink in longitude

Sources of 
uncertainties 

- Data errors
- Network density
- Transport biases

seasonal vertical
advection

-Inversion set-up 
Prior flux aggregations
Prior errors 
Prior estimate

North 
AmericaEurasia North

Pacific
North

Atlantic

Peylin et al. (2002)



Interannual variations in CO2 growth rate



IAV of global fluxes

Backer et al. (2004) subm.



IAV of Continental scale fluxes



Joint constraints!  Complementary 
methods : 2. sub-continental budgets
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Daily fluxes over 
Europe at 50 km

( over the rest of globe on 
large regions )

Sources of Uncertainty
- Transport

Synoptic horizontal
Diurnal vertical

- Prior Fluxes 
Scales of coherence
Diurnal Cycle
Synoptic variability

- Representiveness 
- Network density

Flux correction

Error Reduction from Prior (%)

Correlation length = 1000 km Correlation length = 300 km

50%5%

Carouge et al. 2004

Inversions on the model grid
Regional scale Fluxes 

from  continuous CO2 concentrations 



NOAA CMDL Carbon Cycle Greenhouse Gases
MEASUREMENT PROGRAMS - 2007



Linking bottom up observations ?
A  2003 European heatwave case study

http://earthobservatory.nasa.gov/Newsroom/NewImages/Images/modis_lst_europe_2001-2003_lrg.jpg




Secular increase in primary productivity 
from satellite NDVI over the past 25 years

Nemani et al., Science 2003(% per year)

Will the greening continue if more frequent climate 
extremes impact productivity and net fluxes ?



Historical temperature 
records in Switzerland

Shär et al., Nature 2003

Summer temperature reconstruction
from harvest dates in Burgundy

Chuine et al., Nature, 2004

Precipitation history in Bavaria



Integrating Regional Carbon Budgets

• Eddy covariance fluxes
• Crop yield statistics
• Remote sensing
• Atmospheric concentration
• Tree rings
• Terrestrial ecosystem models



Multiple Constraint Observations
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QuickTime™ et un
décompresseur TIFF (LZW)

sont requis pour visionner cette image.

Two Beech forests
Hainich
Eastern Germany
150 years

Hesse
Eastern France
30 yrs



QuickTime™ et un
décompresseur TIFF (LZW)

sont requis pour visionner cette image.

QuickTime™ et un
décompresseur TIFF (LZW)

sont requis pour visionner cette image.

Mediterranean forests
Holm oak Maquia Oak Pine



Annual GPP and TER ...

... and even the difference 2003-2002.are coupled...
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Global biospheric model ORCHIDEE

ORCHIDEESECHIBA
energy & water cycle

photosynthesis

∆t = 1 hour

LPJ
spatial distribution

of vegetation
(competition, fire,…)

∆t = 1 year

STOMATE
vegetation & soil 

carbon cycle
(phénologie, allocation,…)

∆t = 1 day

NPP, biomass,
litterfall

vegetation
types

LAI,
roughness,

albedo

soil water,
surface temperature,

GPP

rain, température, humidity,
incoming radiation, wind, CO2

meteorological forcing
sensible & latent heat fluxes, 

CO2 flux, net radiation

output variables

prescribed vegetation

vegetation
types



Gross and net 
fluxes in 2002

and 2003 



Abnormal 
Climate and 

Productivity in 
2003

Model
verification with 
EOS-MODIS 

FAPAR



QuickTime™ et un
décompresseur TIFF (LZW)

sont requis pour visionner cette image.

Verification 
against 

crops yield 
national 

data



-21%

2003 is the 
largest 

productivity 
crash of the 

past 100 
years



Independent tree ring verification
Hesse: seasonal variation of tree circumference as measured on

beech trees among the dominant and codominant crown classe
during the period 1999-2003 (the same trees were measured eac

year).
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A. Granier pers. Comm



Independent Atmospheric Verification of NEE
(in progress)

Monte cimone, 2100 m (Italy) Schauinsland, 1200 m (Germany)





Did Rainfall deficit drives the GPP decrease ?

QuickTime™ et un
décompresseur TIFF (LZW)

sont requis pour visionner cette image.

Model Flux towers



Heat Drought
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Breda et al. 1999

Soil water content variation model and 
observations indicate large water stress at 
all sites in 2003 with Root Extractable 
Water (REW)  < 0.4
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Hesse daily canopy conductance
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Modellers, be brave  !
test your best parameters for 2003!

See also Wang et al. , Poster by See also Wang et al. , Poster by SantarenSantaren, etc.., etc..

Deciduous broadleaf forest
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Joint constraints!  Complementary 
methods 3. Regional Inversions
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WLEF tall tower (447m)
CO2 flux measurements at:

30, 122 and 396 m
CO2 mixing ratio measurements at:

11, 30, 76, 122, 244 and 396 m

WLEF CO2 flux and mixing ratio observatory
K. Davis and colleagues
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ChEAS Regional Flux Experiment Domain

= LI-820 sampling from 75m 
above ground on
communication towers. 

= 40m Sylvania flux tower
with high-quality standard
gases.

= 447m WLEF tower. 
LI-820, CMDL
in situ and flask
measurements.





NEE and gross fluxes at ChEAS sites:  1997-2002
NEE 

(gC m-2)
Respiration 

(gC m-2)
Photosynthesis 

(gC m-2)

WLEF 1997 27 991 964

WLEF 1998 48 986 938

WLEF 1999 100 1054 954

WLEF 2000 74 1005 931

WLEF 2001 141 1067 926

WLEF average 78 1021 942

Willow Creek average -297 717 1014
Lost creek 2001 1 759 758

Lost Creek 2002 -58 631 689

Lost Creek average -30 695 724

Willow Creek 2000 -347 762 1109

Willow Creek 2001 -108 741 849

Willow Creek 2002 -437 648 1085



ChEAS Regional Flux Experiment

• Derive daytime and daily seasonal fluxes using 
regional atmospheric inversions and relatively 
inexpensive in situ CO2 sensors.

• Overarching goal – evaluate/merge multiple 
approaches of studying terrestrial fluxes of CO2.
– Merge flux-tower based upscaling with downscaled inversion 

methodology.  Regional integration and mechanistic 
interpretation.

– Determine interannual variations in seasonal fluxes on a 
regional basis.  Again, integrate with regional flux 
measurements/mechanistic interpretations.

– If possible, derive net annual fluxes.  Spatial resolution is 
limited by the magnitude of the annual signal.



Expected Regional Mixing Ratio Differences 
(Winter to Summer)

2 to 5 ppm

~400 km
(full ring)

~24 hours

1 to 2 km

1 to 4
gC m-2 d-1

Diurnal

~0.2 ppm1 to 5 ppmChange in 
ABL CO2

400 km
(full ring)

~180 km
(half ring)

Advection 
distance

~10 hoursAdvection 
time

~10 km1 to 2 kmMixing depth
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Climatology of influence functions for August 2000

influence functions derived from RAMS/LPD model simulations
passive tracer
different configurations of concentration samples - time series from 

- a single level of WLEF tower
- all levels of WLEF tower
- six additional towers
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Regional Inversions
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Separate estimation of 
A(PAR), R(T), FF

• Bayesian inversion technique
• source areas defined in polar 

coordinates centered at the WLEF 
tower
– a better coverage by atmospheric 

transport
• [RAMS -> LPD] long term simulations 

– derivation of influence functions for 
concentration samples

• data:  concentration time series from 
the WLEF tower and additional towers

• CO2 flux decomposed into respiration 
and assimilation fluxes

• CO2 inflow fluxes from a larger scale 
model
– a priori estimations to be improved 

in inversion calculations
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1200 UTC
April 29, 2004

CO2 from 5 sites, April 29, 2004



Joint constraints!  Complementary methods : 
Airborne campaigns 
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Atmospheric and bottom-up 
regional fluxes in Les landes 

Tower
Regional 
flux 
lagrangian 
budget

Regional flux 
EOS-MODIS

Schmitgen et al. 2004



Berezorechka
T. Machida and 

Russian and 
Japanese collegues

1) Flat

2) Homogenious
Vegetation

3) Far from Big 
City

4) Tower
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3000m
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Berezorechka village, West Siberia

(56ﾟN, 84ﾟE)

Map



CO2 Measurement System by Air
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Vertical CO2 profiles in 2002

Oct.’01-Jul.’02 Jul.’02-Dec.’02

35 Flights in 2002



Vertical CO2 profiles in 2003

38 Flights in 2003

Jan.’03-Jul.’03 Jul.’03-Dec.’03



FT and PBL
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Temporal Variation of CO2 in FT and PBL



Comparison of Fitting Curves

Amplitude = 16ppm(FT) and 34ppm(PBL)
High concentration in Winter
Annual average in PBL is 2ppm higher (rectifier effect)



Comparison between Tower and 
Aircraft PBL

Substantial Difference

-->Aircraft conducts only in the good weather
Weather Bias



Comparison on the good weather condition

60% data are <+-2ppm

Without Daytime Inversion (Winter)
No Variable day (Summer)



Conclusions
Reconciling orthogonal perspectives 

Inversion downscaling Flux tower upscaling
Excellent spatial Intrinsically local 
integration measurements.

Strong constraint on Difficult to upscale flux
flux magnitude magnitudes.Variability easier

Poor temporal Excellent temporal
resolution resolution
Limited mechanistic Strong mechanistic
understanding. understanding

Let’s fusion flux upscaling and Inversions !!!
CCDAS, 
Coupling of energy budget parameters with transport
Coupling of soil respiration to atmosphere
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