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1. Introduction 5. Fluxes aggregated to “TransCom-3" regions 6. Effects of 2010 northern droughts detected by GOSAT?

*Ocean fluxes from Takahashi et al. [2009]
*Fossil CO, emissions from CDIAC

Around one-half of the CO, emissions from fossil fuel combustion and deforestation accumulates in the atmosphere, where it contributes to Only NEP and ocean fluxes are shown in this section (no fossil fuel, biomass burning) Only natural and biomass burning fluxes are included below
glol-oalcv.varmmg. The rgst is taken up by vegetation and the ocean. The precise contribution of the two, and the location and year-to-year Monthly Means Pricicflus estimiate Using surface data Using GOSAT
variability of the CO, sinks are not well understood though. Red = Prior Blue = Posterior In Situ Black = Posterior GOSAT o=
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We conduct a traditional Bayesian inversion at relatively high resolution to estimate the global distributions of surface CO, fluxes during a % : N = "
recent period. In this top-down approach, fluxes are inferred from atmospheric CO, measurements by means of an atmospheric transport g i- E =
model linking the measurements to flux regions upwind, subject also to prior constraints. A focus of this work is the use of data from E 1 e :
satellites dedicated to making CO, measurements, such as the Greenhouse gases Observing SATellite (GOSAT) launched in 2009 [Yokota et al., 06 07 08 03 10 17 12 07 02 03 0% 05 0o 07 00 03 10 06 07 O 09 10 11 12 07 07 03 0+ 05 06 07 03 09 10 06 07 0a 03 10 17 12 07 02 03 0 05 08 07 00 03 10 -
2009]. An advantage of satellites over current ground-based networks is their greater spatial coverage. 2010 w0 oo
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2. Objectives = #
*Understand recent variability of the global carbon cycle o I o g
oreag [4] . . . i . EmF}EI"ﬂ E. rlﬂ . : . : . ropica 510 =
*Evaluate the bottom-up flux estimates used for the priors o €
. o
*Compare fluxes and uncertainties inferred using GOSAT vs. in situ observations g S
e =T I 1 [ 0
*Compare our Bayesian inversion with other approaches, including a variational data assimilation | VN VAN i VAN AR Fegmomemsazsosas S i ng8848°83 > GOSAT appears to capture the
system based on the same transport, to assess the effects of inversion technique on inferred fluxes o 00 T decreased CO, uptake over Eurasia
e e : 2010 vs. 2009 Summer Biospheric Net CO, (g C/m'/month) in 2010
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*Individual flask and afternoon-averaged continuous measurements from NOAA ESRL and JMA T of 1 2F 1 2 ; [ 2000 A flux n Su.mmer Of 2010'than in 2009 at northern high latitudes,
*GOSAT weighted column-averages }EMZ e L T = { " consistent with known severe heat waves and drought.
*ACOS B3.4 retrieval (June 2009 onward); filtered and bias-corrected g e E f - T } *Our results appear to support the hypothesis.
*Prior constraints _EEIE 07 08 09 10 11 12 0:1 02 03 04 05 06 07 0B 03 10 _Enls 07 08 08 10 11 12 n:t 02 03 04 05 06 07 08 09 1.0 _EU-E 07 08 08 10 11 12 0:1 02 03 04 05 06 07 08 08 10 |
*Net ecosystem production (NEP) and biomass burning fluxes from CASA-GFED v.3 model, driven by satellite observations and analyzed e | ﬁct,-,?jﬁ;‘imﬂp s Ty > [
meteorology. 5 ] - : 6 |
o 4 0= -7

Flux

7. Comparison of model and Amazon aircraft observations
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.PCTM’ Wlth mete0r0|0gy from NASA GEOS-5 MERRA reanalySiS Tmpicjlujﬂf:tllnntic Ocean Sauthziit?nnlic Ocean Ecj‘fljlgrn Ocean _The AMAZONICA data set consists In Situ InverSion
*Grid used: 2° latitude x 2.5° longitude x 56 levels to 0.4 hPa e 2 B , , Model - AMAZONICA Observations, below 2 km Model - AMAZONICA Observations, above 2 km
.Inversion method s of aircraft CO, profiles from 0.3 to 0 Prior W= 29,0=68 S0p T W= 13,0228
P ” : .. : £ 4.4 km over 4 sites across the - Posterior h=250=118 p=04,0=39:
*“TransCom”-style batch Bayesian synthesis inversion P ' Amazon starting in 2010, taken 0 A0 E
.Optimize natural fluxes in 108 regions (map beIOW) Over 8-day intervaIS; Cf. 22 regionS’ monthly intervals in Transcom _EEIE I:I.? HLE I:I‘Q 1IEI 1‘1 1.2 EIJ1 9‘2 GIJ EI:H- Ellﬁ EIJE GI? l.'.IJE EI‘E 1-{1 06 07 08 09 10 11 12 01 02 03 04 05 06 OF OB 09 1-|:} 06 OF 08 09 10 11 12 01 02 03 04 05 06 OF 08 09 'IEEI a rOX tWice agmonth [éatti et aI 5 30% 3 30%— b
*|nitial concentrations optimized in the inversion 2010 2010 2010 PPrOX. N S S
. Tropical Indion Ocean Southern Indian Qcean 2014]. g 20: E’- 20:_ E
*1.5-year long analysis (Mar 2009-Sep 2010) _F ] oF , - o
. ) . . , . , , , . : . , =, 3 2f : —We used these independent data : :
*This inversion method gives an exact solution and is relatively simple mathematically, but is very time-consuming at this resolution. 5 ut\% oF. to helb evaluate inversion 10: 10 E
*We are beginning to use a second technique, a variational data assimilation system also based on PCTM transport developed by David gi: i : erforﬁnance " the trobics 0 0
Baker, for comparison (to be presented later). v S E I P PICS. -40 -20 0 20 40 -40 ~20 0 20 40
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Flux regions and in situ observation sites GOSAT column CO, observations for July 2009 . : o . : : ——— e ;
8 et Rfeiuknbebin Y *GOSAT inversion suggests overall shift in global CO, sink from tropics/south to northern regions. i s Eis T 5°; s T
: ﬁfﬁ ' *Anomalous features in GOSAT inversion (e.g. negative flux in Jan. in some northern regions, and -Agreement with aircraft observations 0F ER 3 E
YAl SO NG, large positive flux winter-spring in N. Africa) may be artifacts of retrieval and sampling biases (e.g. is better for the GOSAT inversion than 3 30- 1 Faof
Wi b T 0 W ok, ) Houweling et al., 2015). the in situ inversion. S b S ol ;
i H | *In situ inversion exhibits large fluctuations =2 In situ data set sparser than GOSAT, so the inversion is *There is a complete lack of in situ 0§ 0?
' : i iti 10- 10- -
less well constrained. sites sen.5|t|ve. to Amazop flu.>fes, ; ; g
contrasting with the availability of 0E___ N - 0L . . . — 1
A I S . some GOSAT data over region- 40 M;il(:el - Obsgrvation (pzpom) 0 40 M;%%I - Obsgrvation (pzpom) 0
nnual summary Aggregated Regions, June 2009-May 2010 *GOSAT inversion agrees with the aircraft observations better than the prior does above 2 km = Incorporating GOSAT
| .. Shown for comparison \?Qb & data in inversion is better thar.n no qlata. | | | N
R T e S i are results from & o &L *However, the model-observation differences have greater variance than prior below 2 km = GOSAT isn’t sensitive
A S A h to boundary | trations? Few GOSAT observations in immediate region?
. = | AN, | NOAA’s CarbonTracker o & & o o & &0@\ enough to boundary layer concentrations? Few observations in immediate region
Triangles = flask obs Flux regions modified from L. Feng et al. [2009] ____F_ (CT), an ensemble data &Q‘Q} o-:':,»‘(“b \;a"‘b R a N > 50'3’\
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Circles = continuous obs & e B R 3 & 28 assimilation system
ppm .
that u;es multiple in 2] [ *The incorporation of observations in the inversions pulls the model closer to observations, even those not used in the
situ observation : :
. . inversion, on the whole.
0 = Our Prior ’
4. Com parison Of mOdEI and ObserVEd COZ concentrations networks T oI Sty Posterior *The GOSAT inversion improves model agreement with Amazon aircraft observations at higher altitudes, whereas the
In Situ Inversion GOSAT Inversion g-z B GOSAT Posterior in situ in\./ersior.1 does no better icha.n the prior model: | | |
Model - In Situ Observations  Model - GOSAT Observations ____Model - In Situ Observations . Model - GOSAT Observations ] . °Ou.r G(?SAT inversion su.gges’.cs : shift in th'e glolc?al CO, sm.k frorT\ the tropics/south to the north, relative to the prior and
ol J SR I A R ] 1400 - L ; - ® CT Prior the in situ inversion. This is similar to studies using other inversion approaches.
1200 griotr . r_ N : 1200 Igggtreriori — | . . - W CT Posterior *May be driven at least in part by biases in the GOSAT data set.
1000 el y ; g 00 12 ‘ *Results indicate less CO, uptake in summer of 2010 relative to 2009 in the north, consistent with another study.
C J % 3 g 800 ] g ” al i - . . . . . . . . . . .
" ] g 1eaor i 2 ol - Bl ] - 8 L *We are beginning to replicate this analysis using the variational data assimilation system based on PCTM transport to
600 [- 2 i o ] s [ ] . . . .
I - i w0, o JJ 11111& : Error bars represent 10 uncertainties assess the effects of inversion technique on inferred fluxes.
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e LT IR R o = G 5 — T 5 o 5 10 e 5 o s 10 * GOSAT InverSIf)n. Shift in the global CO, sink from the trOplf:S/.SOUth to_ the n.orth. Our work has been supported by the NASA Atmospheric CO, Observations from Space Program and the NASA Carbon
- SO SR, | < S NP Model - Observation (ppm) Model - Observation (ppm) * GOSAT posterior fluxes have smaller or comparable uncertainties relative to in situ results = Greater Monitoring System Program. The NASA Goddard High-End Computing Program has provided access to and assistance with
*Agreement between model and observations improves through the inversion optimization (posterior vs. prior), as expected. spatial coverage. supercomputing resources. Many thanks go to Martha Butler for providing inversion code and documentation. We thank
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«Agreement of model with observations not used in the inversion also improves overall (i.e. in situ inversion vs. GOSAT * Our in situ and CT’s posterior global and regional totals similar, but land-ocean split different. M’;’fgggﬂ:’”y’”’fwﬁ;ﬁgé’&;?‘;zﬁe”’f’g é’?‘jfzﬂr_zelp W’Cl;hMthgltrc’”;pol’;\tl\’ﬂ”A"ngI/V‘;’gjSOTP;\’/%’E\ gsgLch/(lﬂgngC?g GO;?ATM
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