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1. Introduction 5. Results aggregated to “TransCom-3" regions 6. Comparison with a different inversion

Around one-half of the global CO, emissions from fossil fuel combustion and deforestation accumulates in the Fluxes below include only NEP and ocean fluxes (no fossil fuel, biomass burning) (Ca rbO nTraCke r)
atmosphere, where it contributes to global warming. The rest is taken up by vegetation and the ocean. The precise 8-day averages *NOAA’s CarbonTracker (CT) is an ensemble data assimilation system that uses multiple in situ
contribution of the two, and the location and year-to-year variability of the CO, sinks are not well understood though.  Red = Prior Blue = Posterior In Situ Black = Posterior GOSAT observation networks to estimate fluxes over the past decade (Peters et al., 2007). CT uses a larger
Land regions _Boreal North Americo | Temperate North America . ___Tropical America number of in situ observations than our current inversion.
As part of the NASA Goddard GEOS-Carb project, we conduct a traditional Bayesian inversion at relatively high C o *CT solves for uniform flux scale factors over ecoregions or vegetation types within each sub-continental
resolution to estimate the global distributions of CO, fluxes during 2009-2010. In this top-down approach, fluxes are z o region.
inferred from atmospheric CO, measurements by means of an atmospheric transport model linking the measurements d ¥ _ I *Results are shown for a selected month, for the CT 2011_oi version.
to flux regions upwind, subject also to prior constraints. A focus of this work is the use of column CO, measurements A AL 06 07 08 09 10 1 U AL L LA A AL L LLLA . _
from the Greenhouse gases Observing SATellite (GOSAT), available since 2009 [Yokota et al., 2009], in addition to Temperate South America _ , ___Northern Alrica __ SouhemMbeo Aggregated Land Regions, July 2009 Aggregated Ocean Regions, July 2009
measurements from well-established ground-based networks. Satellites generally provide greater spatial coverage than ; : | Qr? Q,g% & S
current ground-based networks, though with less sensitivity to the boundary layer of the atmosphere. & _f & ¢ & g & & § &
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*Compare fluxes and uncertainties inferred using GOSAT vs. in situ observations
Compare our Bayesian inversion with other inversion approaches, such as Kalman filters
and variational data assimilation, which are more computationally efficient but rely on
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Error bars represent 1o uncertainties
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approximations Ocean regions o rocric oceor __ ropical West Pacific Ocean_ _____ Tropicol East Pacific Oceon. *Results for §omg land apd F)cean reg.gio.ns fall within CarbonTracker £1c uncertainty range
~ *CT applies tight a priori uncertainties to ocean fluxes, so the fluxes cannot change much.
g . { of *Interesting differences:
_; | i *We infer much more CO, uptake in Tropical America than CT July-Sept 2009.
3. MEthOdS 06 07 08 09 10 11 12 01 02 03 04 03 06 07 08 05 07 08 08 10 11 12 01 02 03 04 05 06 07 08 *Much more uptake in Temperate Asia than CT in May, July, and Sept.
. . _ South Pocific Ocean North Atlontic Ocean *Caveat: Results are influenced by our sparse observations, especially in the tropics.
*Observations of CO, mixing ratio Y R N N K

°|n situ measurements

*Individual flask observations (NOAA ESRL), afternoon averages for continuous observations (NOAA ESRL and 7' Com pa rison Of ObserVEd d nd mOdEI miXing
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*ACOS B3.4 release-3 retrieval (June 2009 onward), provided by C. O’Dell; filtered and bias-corrected \ ' ' ' ' i ondivialin. = P
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Black squares = Observations Blue tricngles = Posterior
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*We averaged observations over each model grid cell and hour { ° b o =R
. . . . . 420
*Enlarged ACOS-provided observation uncertainties by factor of 2 over land, 1.25 over ocean kz i-10 | soolih
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observations and observed meteorology. Modeled biosphere generally neutral except for imposed crop sink in U.S. s U O R 0 I e
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*PCTM [Kawa et al., 2004], with meteorology from NASA GEOS-5 MERRA reanalysis Seasonal averages (Wlth lo uncertamtles) NWR 40.0N, —105.6E, 3523 m ASL SGP 36.8N, -97.5E, 60 m ASL
| std ' . R B e bt b R i o kel GG Ll A L .
*Grid used: 2° latitude x 2.5° longitude x 56 levels to 0.4 mbar; output hourly . P T o IR o - _ a20) s 3
Land reglons Boreal North Americao Temperote North America Tropical America Eu 1 E}{_-'!En‘:' a . o Daﬁ . - 3
i i F e = 1 «F ] 3 & o Bl W N g o G OAR, o
-Mc?del sampled at observation times - 2 ey | o ] b § seof PO [ AnE e R R e
*Inversion method o of i Y saif ok :
'”Transcom”—Style batCh Bayesian Synthesis inversion E -?:" "; :5:: :: Dé-— -. : _.:: 04 05 06 07 OB 09 10 11 '222:’33‘2 03 04 05 06 07 OB 09 04 05 06 O7 08 09 0 1 '222:302 03 04 05 06 O7 08 09
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*Initial concentrations derived from a multi-year PCTM run with prior fluxes; optimized in the inversion ~f i = *Prior concentrations are 5 J :
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*Have completed a 1.5 year inversion (Mar 2009-Aug 2010) from the start of the GOSAT period gt i-of : because of the neutral 2010 2010
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¢ E : ‘ *Our optimized fluxes generally resemble those of other groups’ inversions, for example indicatin
| e % “F 1 -2t 3 'E
g P s\ _ i of * A net terrestrial biospheric CO, sink, including a significant one in temperate North America.
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{&_ - S, o S ) SENI, ST b SUSEDNNI, S| A stro.nge.r sink in .some.northern mid- to high-latitude regions in the GOSAT-only inversion compared
| _ _ . 2010 2010 2010 to the in-situ-only inversion.
o = South Pacific Ocean Arctic/Northern Ocean North Atlantic Ocean . . . . . . . . . .
. , Sified from L F ¢ al. [2009] ' P S e e ST | L e A T T T 7 | *A slight indication of less terrestrial growing season uptake in 2010 than in 2009 at higher latitudes of
i — ux regions modified from L. Feng et al. | A {7’ ~—. o1 1 oof ] :
Triangles = flask obs & & o RS Y ‘ Y X 1N of the Northern Hemisphere.
C. I _ t. b .____.-u__.i-..-"-“ ] ) P ‘_;’f F 1 = o L 0.5k 1E
Ircies = continuous obs - & ‘- .Em;pm 5k 1.k af *The GOSAT-only inversion gives smoother results with smaller flux uncertainties in many regions than
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- g e s R oo B M oy s the in situ-only inversion, suggesting that satellite observations can benefit flux estimation with their
200 2010 2010 greater spatial coverage.
Tropical Atlantic Ocean South Atlontic Ocean Southern Ocean
4 R I & ok ] 1of . *However, possible remaining systematic errors in the GOSAT data could contribute to the spatial
. esu tS g e E“f,’ i patterns seen in the results. On the other hand, in situ network likely contains greater spatial
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Net CO, flux (fossil fuel, terrestrial biosphere, biomass burning, and ocean), 2009 dosk 2 1or N sampling bias. | | o
b _ ) _ , d _ 06 07 08 09 10 11 12 01 02 03 04 05 06 07 0B 06 07 08 09 10 11 12 01 02 03 04 05 06 07 08 06 O7 08 05 10 11 12 01 02 03 04 05 06 07 08 *Applying a priori flux error correlations could improve constraint on fluxes, especially for the in situ
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- i o *Our results can contribute to assessment of effects of various methodological differences among groups.
3 B - | 3 *We will extend the inversion through the end of 2010 and lengthen the spin-up, and use other
< « -2} | 3 3 . . . . . .
y s} | SE observational data sets (e.g. TCCON, HIPPO) both in the inversions and for independent evaluation.
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5 08 07 08 09 10 11 12 01 02 03 04 05 06 07 08 06 07 08 O 10 11 12 01 02 0 04 03 08 07 08 *We will later switch to a more computationally efficient inversion technique for working with large
2010 2000 . . .
. o o . . amounts of satellite and other data at high resolution.
| *GOSAT flux uncertainties are smaller than in situ for most land regions except Boreal and Temperate N. America and
g Boreal and Tropical Asia = GOSAT provides better coverage than in situ measurements in most land regions.
o *8-day average posterior time series have large fluctuations, especially for in situ inversion = in situ data set cannot Our work has been supported by the NASA Atmospheric CO, Observations from Space Program and the
constrain fluxes globally at the inversion resolution very well. , _ NASA Carbon Monitoring System Program. We are grateful to the NASA Goddard High-End Computing
*The GOSAT inversion exhibits a larger sink than the prior in Temperate N. America and Europe in most seasons, and a p i ; d ot th ¢ M thank ;
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*The in situ inversion makes stronger adjustments to the prior fluxes than the GOSAT inversion = GOSAT column observations GOSAT inversion exhibits a larger sink than in situ inversion in Temperate N. Amer., Temperate Asia, and Europe in . f P ng mn . . .
. . . MOST seasons, and a smalier sin arger source in borea . AMer. an . rica.
have weaker gradients than in situ t d [ k/I Boreal N. A . d N. Af | | Michael Manyin and Yuping Liu for help with using and enhancing the transport model and other
' *Although Guerlet et al. [2013] suggested there was less CO, uptake in summer of 2010 than in 2009 at Northern Hemis. computing issues, Liang Feng and Paul Palmer for providing their inversion region map, David Baker for

*Posterior spatial distribution somewhat patchy due to discrete optimization regions, especially for in situ inversion. higher latitudes, only Boreal Asia really indicates it in our GOSAT inversion.

. . . . en e . L . advice on inversions, and Zhengxin Zhu for processing the ocean prior fluxes.
*Results similar to other studies [S. Houweling, pers. comm.]; evidence of shift in sink from tropics to N. Hemis. higher latitudes. *The ocean regions exhibit small flux adjustments, and few consistent patterns. g forp g prior




