Globadal

Biogeochemical Cycles’

RESEARCH ARTICLE
10.1029/2022GB007520

Key Points:

Aircraft observations of atmospheric
carbon dioxide concentrations are
used to infer the net flux of the
northern extratropical growing season
net flux

The observations suggest a larger
net flux and shorter growing season
than those simulated in Earth system
models

An emergent constraint approach is
used to estimate productivity and
respiration fluxes

A Y a4 I l ADVANCING
FANT D, seace science

mi)

Evaluating Northern Hemisphere Growing Season Net Carbon
Flux in Climate Models Using Aircraft Observations

Morgan Loechli' ', Britton B. Stephens’ 1, Roisin Commane?® '/, Frédéric Chevallier® ),
Kathryn McKain*¢ ‘, Ralph F. Keeling’, Eric J. Morgan’ ', Prabir K. Patra® ', Maryann R. Sargent’,
Colm Sweeney® ', and Gretchen Keppel-Aleks' -

'University of Michigan, Ann Arbor, MI, USA, *National Center for Atmospheric Research, Boulder, CO, USA, *Department
of Earth and Environmental Sciences, Lamont-Doherty Earth Observatory, Columbia University, Palisades, NY, USA, “LSCE
Labratoire des Sciences du Climat ed de I’Environnement, Gif-Sur-Yvette Cedes, France, >Global Monitoring Laboratory,
National Oceanic and Atmospheric Administration, Boulder, CO, USA, °Cooperative Institute for Research in Environmental
Sciences, University of Colorado, Boulder, CO, USA, "Scripps Institution of Oceanography, University of California, San
Diego, La Jolla, CA, USA, *Research Institute for Global Change, JAMSTEC, Yokohama, Japan, “Harvard University,
Cambridge, MA, USA



0.3 -
f\ \
~ , n /
' o
L 02
>
£
< 01
Q.
(va)
-
= 00
. |
< =011 —— ACCESS-ESM1-5 /
—— CESM2
2009 2010 2011 2012 2013 2014

Year

CMIP6 historical data downloaded from Earth System Grid Federation
ACCESS-ESM1-5 (Ziehn et al., 2019) and CESM2 (Danabasoglu et al., 2019)



Models disagree on timing and magnitude of
hemispheric land carbon flux.
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Variation in atmospheric CO, can be used to
gain knowledge on sources and sinks.
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Signals from carbon sources and sinks are mixed in
the free troposphere.
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Inverse models rely on simulating atmospheric
transport, introducing uncertainty to flux estimates.
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HIPPO and ATom

Photo credit:
https://espo.nasa.gov/atom/image/Landing_in_Thule



Air flight campaigns over the Pacific and Atlantic
provide constraints on atmospheric CO.,.
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Air flight campaigns over the Pacific and Atlantic
provide constraints on atmospheric CO.,.
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Air flight campaigns provide knowledge on
the vertical structure of atmospheric CO.,.

January
200 A . l 397.5
395.0
o et 3925
(=
r
QO
S5 600 - 3900 CO,
0
& 3875
i 385.0
1000 - 382.5

50 -25 0 2% 50 75
Loechli et al. 2023 Latitude (°N)



(edy) ainssalg

11

Latitude (°N)

and averaged in the Northern

]

Data are filtered, detrended, binned, fit by a second-

order harmonic
Hemisphere.

Loechli et al. 2023




Data are filtered, detrended, binned, fit by a second-
order harmonic, and averaged in the Northern
Hemisphere.
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Data are filtered, detrended, binned, -

it by a second-

order harmonic, and averaged in the Northern

Hemisphere.
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Fitting a second-order harmonic allows for the
calculation of the mass of carbon in the NH
atmosphere at every day over a seasonal cycle.
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The derivative of the curtain average gives the flux.
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Inverse models are used to account for
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Inverse models are used to account for
atmospheric mixing and local influences.
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Inverse models are used to account for
atmospheric mixing and local influences.

Loechli et al. 2023

flux (Pg C/yr)

(a)

ONDJ F MAM ] J] ASONUID )] FM
Maonth

— observations MB
— (CT2019B MB
—== (CT2019B detrended surface flux

18



Inverse models agree at the hemispheric
scale.
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Inferred Northern hemisphere growing season
net flux from atmospheric CO, from HIPPO and
ATom aircraft campaignsis 5.7 + 0.3 PgC/yr
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Both CMIP5 and CMIP6 models disagree on

the timing and magnitude o

(a) CMIPS
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CMIP6 models have a decreased spread compared
to CMIP5 models.
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Observations suggest a later start to the growing
season and larger flux than simulated in CMIP6
models.
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Observations suggest a shorter growing

season than is simulated by models.
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All modeling centers with models in both
generations showed improvement in CMIP6.
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GSNF is well correlated with GPP and RH.
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Estimatec

GPP is consistent with upper end of
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* Aircraft observations of atmospheric carbon dioxide concentrations
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