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CarbonTracker is:

An atmospheric perspective on North American
carbon dioxide exchange: CarbonTracker
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N. American fluxes o

We present an estimate of net CO; exchange between the terres- In addition, carbon exchange is monitored locally (=1 km?)
trial biosphere and the atmosphere across North America for every from a worldwide collection of surface flux measurements in
week in the period 2000 through 2005. This estimate is derived  different ecosystems and through periodic inventories of carbon
from a set of 28,000 CO; mole fraction observations in the global in oceans, forests, and soils. The latter provide long-term
atmosphere that are fed into a state-of-the-art data assimilation  constraints on the size of the different carbon pools. Monitoring
system for CO; called CarbonTracker. By design, the surface fluxes  of the carbon cycle through satellites mostly targets specific
produced in CarbonTracker are consistent with the recent history processes such as biomass burning, land-use change, or seasonal

CarbonTracker 2007B: N. America fluxes in PgC yr-1.
Year First Guess NEE Final NEE Fires FF Total
2000 -0.16 = 0.89 -0.64 + 0.65 0.04 1.91 1.31
2001 -0.16 = 0.90 -0.45 = 0.64 0.02 1.92 1.50
2002 0.03 = 0.85 -0.17 £ 0.55 0.03 1.92 1.78
2003 -0.21 = 0.84 -0.64 = 0.52 0.03 1.94 1.33
2004 -0.19 £ 0.90 -0.79 = 0.48 0.02 1.98 1.20
2005 -0.20 = 0.87 -0.76 = 0.48 0.02 1.99 1.26
2006 -0.04 = 0.84 -0.56 = 0.37 0.02 1.99 1.45

y ' i ¥ = Lit v "[ d = itude. M In"This work, we Introduce Carbonlracker and analyze (he
slons or 1o even continue al its present-cay magnitude. VOTe- — po ooy iy history it produces. We compare its regional esti-

over, natural emissions themselves might increase as a result of mates for North America with an independent “bottom-up”
already abservable rapid warming in parts of the Arctic (1), estimate that is part of the State of the Carbon Cycle Report

where large carbon reservoirs are buried beneath the perma- (SOCCR) (8). This document, created as part of the U.S
frost. Major national and international programs to study the ’ ’ -

carbon cycle are therefore underway. -

The National Oceanic and Atmospheric Administration’s  auher contributions: P.P.T. designed research; €5, AEA,, T.J.C, DELW, GRV.AM,,
(NOAA’s) Earth System Research Laboratory (ESRL) moni-  J.T.R. and P.O.W. contributed data; AR.J., KM., LEM., LM.P.B., G.P., ALH. and M.CK.
tors CO; in the atmosphere as a contribution to the North  performed research; and W.P. wrote the paper.

American Carbon Program (NACP) (2). Mole fractions of CO;  The authors declare no conflict of interest.
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CarbonTracker is:

A Atmospheric
" Chemistry

and Physics
* A global surface flux

inversion

First direct observation of the atmospheric CO; year-to-year
increase from space

® N O A A’ S eSt | m at e of I\I Burlh\l\ i:z, 0. Schneisin, JP rli]u!rru;\ﬁli B(‘n't:mm:mn, M. Reuter, and J. $ullhult
N. American fluxes ; :

e Our final screen for i seoncimaech] - SUreMents of the CO, total column. The satellite retrievals

g i > , .| are compared with global XCO, obtained from NOAA’s CO,
ata quality assimilation system CarbonTracker taking into account the

. | spatio-temporal sampling and altitude sensitivity of the satel-

e A “reference” s on. { lite data. We show that the measured CO, year-to-year in-

. crease agrees within about 1 ppm/year with CarbonTracker.
solution

We also show that the latitude dependent amplitude of the
_ northern hemispheric CO, seasonal cycle agrees with Car-
e An outreach tool b JoBRLACS: dbsiog bonTracker within about 2 ppm with the retrieved amplitude
s e DeINng systematically larger. The analysis demonstrates that

15 per million

itz
Aumi-bremen.de)
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e An outreach tool

CarbonTracker is:

Fom Chris Measures <chri sm@soest. hawai. edu>
To: car bortracker.team@oaa gov

Sub ed: Re: GxbonTracker updaed newre esse
Qeaed 12/ 21/ 2007 19 30 04

Dear Raea & d:

Thisisredly ged, thank youfa puttingthistogaher. 1 will catany be usng
you figwresand exd andionsintheledues| gve to ny under g adua es abou
the CQ2 system They redly wart to know thefadsandthe nost recernt ddaae
d ways o gea inaest to young peod e 9 nceit conveysthei mmed acy of the
prodem | had founditinoreasa ngy dfficdt toge hd d of sone o the most
recert

bas cirfa netion over thelagt fewyears ths web resource has nadeit much

exd q.

| amparti cul al y happy to ga the Mauna Loa data
through 2006

Thanks fa fadlitaingteachi ng as wal asresearch

Cheears dris Measures
Cceanog aphy, Lhverdty d Hawaii




How Is CarbonTracker used?

Anonymous FTP Activity

M readme

M sourcecode
M movies

M fluxes

PNAS article appears
& CT2007B update
released: Dec, 2007
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_ “pre-AGU bounce”,
First release, Nov-Dec 2007
February 2007



How Is CarbonTracker used?

Collaborations

CarbonTracker for other regions

* Europe - wageningen Univ.

* Asia - Korean Met Agency

* South America - CPTEC, Brazil and LBA, NASA

Regional inversions

* North America (with U. Michigan)

» Africa (with NASA’s ACE-2 project)
« Japan (with Osaka University)

Satellite missions

* Ongoing comparison with TCCON network
e« CSU OCO inversion

« SCIAMACHY methane and CO,

NACP, Ameriflux, Canadian Flux net



How well does CarbonTracker work?

Mauna Loa, Hawaii - continuous

° observed
simulated

~18 month burn-in |
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How well does CarbonTracker work?

Mauna Loa, Hawaii - continuous

O actual residuals
— analytical, sd=0.57 ppm

Simulated—observed A[CO,], umol mol ™
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How well does CarbonTracker work?

Mauna Loa, Hawaii - continuous

: | seasonal cycle?

simulated — observed
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How well does CarbonTracker work?

CTO7B N. Hemisphere residuals, (simulated—observed), umol mol -
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How well does CarbonTracker work?

Model biased high in summer
too diffusive?

too little uptake?

Model biased low In winter
too diffusive?

too little outgassing?

NH "Summer" (Jun-Sep) residuals

0.58+3.49 IH

xn |||||||

Simulated—observed A[CO,], umol mol ™'

NH "Winter"” (Nov-Apr) residuals

-0.42+2.64

|
A HNHHM

-10 -5

Simulated-observed A[CO,], pmol mol =

Leptokurtic:
distribution
dominated by
big outliers
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How well does CarbonTracker work?

South Pole - continuous

observed
© simulated
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How well does CarbonTracker work?
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How well does CarbonTracker work?

Park Falls, Wisconsin - WLEF tower at 396m: afternoon averages

simulated — observed
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Aug-18 Aug-25 Sep-01

Wisconsin: 396m continuous tower data for June-Sept. 2004

- ey ——
s [ —— = _
iy, PRDL \co.wualo.-. p'ﬁ-.lnl.”cltlo
* l.ﬂu..“.-cl‘”?-"ci

— .rnoi-...m!.‘..._.

H

-
X
| -
O
=
| -
@
X
Q
©
S
T
c
@
o
| -
©
O
%)
b
O
T
[3
=
=
o
I

Continuous observations
Jul-28 Aug-04 Aug-11

Park Falls
——  (CarbonTracker 2007B

Jul-21

S

Jul-14

,_low jown ‘Fo 0]




How well does CarbonTracker work?

Park Falls, Wisconsin: 396m continuous tower data for June-Sept. 2004

Relatively
good ;
agreement | | A,
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How well does CarbonTracker work?

STILT footprints for WLEF 396m afternoon averages

Relatively
good
agreement

15-18 July

Model too
high

25-28 July




How well does CarbonTracker work?

Aircraft residuals by latitude band and season

Winter Summer Autumn
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Improving CarbonTracker

Better meteorology

 higher resolution ECMWF

« adding NWS GFS to ensemble (underway)
« optimizing for vertical transport (underway)
 new NOAA models - WRF and FIMM
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Improving CarbonTracker

Better meteorology

 higher resolution ECMWF

« adding NWS GFS to ensemble (underway)
« optimizing for vertical transport (underway)
 new NOAA models - WRF and FIMM

Add more observations

« light aircraft (underway)

» expanded N. American network for 2007 (underway)
« TCCON & OCO

» GlobalView partners (underway)

Other species
* methane (underway)
e carbon monoxide, isotopes?

Better subsystems
 land (underway), ocean (underway)
 fossil fuels: better prior (underway); optimization?

Couple with LPDM inversions

25



Why CarbonTracker?
For NOAA

* as part of a functional observing system
* to understand changes
* to look for issues in data

* as a synthesis of the global carbon cycle

For science

 to learn about transport deficiencies

* to improve the terrestrial, oceanic, and
fossil fuel process models

 to quantify how well we can resolve fluxes
(synthetic data experiments)

 to evaluate new observational sites and
sampling methods via OSSEs

For the public

* as an educational tool

* to provide policy-relevant information on CO,
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Why CarbonTracker?
For NOAA

* as part of a functional observing system

« to understand changes CarbonTracker free troposphere carbon dioxide

2004-Jan-M

* to look for issues in data

* as a synthesis of the global carbon cycle

For science

to learn about transport deficiencies

to improve the terrestrial, oceanic, and
fossil fuel process models

to quantify how well we can resolve fluxes
(synthetic data experiments)

to evaluate new observational sites and
sampling methods via OSSEs

For the public

* as an educational tool

* to provide policy-relevant information on CO,
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