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Long-Term Trend of the Terrestrial CO, Flux in High Latitudes of the Northern Hemisphere

F 0 ARt
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Synopsis

Terrestrial ecosystems of the northern high-latitude region are thought to have been
important sinks of atmospheric CO,, but some studies suggested that their absorption is
decreasing in this century. To investigate carbon fluxes from northern high-latitude ter-
restrial areas and their recent trends, regional CO, fluxes are estimated by TransCom
synthesis inversion method. The sum of inversed CO, fluxes from the boreal Asia region
and the boreal North America region showed decreasing (i.e. absorption is increasing) in
this century. The result was compared with the inversed fluxes of CarbonTracker 2013
(CT2013). The sum of CT2013 CO, fluxes from the boreal Asia region and the boreal
North America region also showed decreasing in this century, but the signs of the trends
of the fluxes from the two regions were opposite to those of this study.
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Fig. 1 TransCom3 Layer2 region map of land (left) and ocean (right).
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Fig. 2 Variations of annual regional CO, flux anomalies estimated by TransCom inversion method.
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Fig. 2(continued) The dashed line in subfigure (l) is the sum of flux anomalies of (a) and (g).
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TransCom Region 2()(%3[8'8%(;;9 g;t:zs; \t/?:rJ]Z
(a) Boreal North America 0.026 1.815
(b) Temperate North America -0.120 -2.496
(c) Tropical America -0.060 -0.792
(d) Temperate South America -0.031 -0.546
(e) Northern Africa 0.118 3.610
(f) Southern Africa 0.031 0.729
(9) Boreal Asia -0.089 -2.494
(h) Temperate Asia -0.115 -2.705
(i) South-East Asia 0.111 3.158
(J) Australia 0.007 0.293
(k) Europe 0.016 0.836
(I) Total Land -0.107 -1.084
(a)+(g) NH High Latitudes -0.063 -1.879

Table 1 Trends and their t-test values of annual re-
gional fluxes estimated by Transcom inversion method.
Trends are significant at the level of 95% for |t|=2.306
and 90% for |t|=1.860.
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Fig. 3 Variations of annual regional CO, flux anomalies of CarbonTracker (CT2013) flux data. The regions

are same as TransCom (Fig. 2).
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CT2013 annual region CO2 flux anomaly
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Fig. 3(continued) The dashed line in subfigure (1) is the sum of flux anomalies of (a) and (g).
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TransCom Region Zi(z»[:)rte;?jél);g ;tteﬁz \;ara;l;z
(a) Boreal North America -0.025 -2.069
(b) Temperate North America -0.001 -0.028
(c) Tropical America -0.023 -1.717
(d) Temperate South America 0.018 1.175
(e) Northern Africa 0.007 1.627
(f) Southern Africa -0.029 -1.757
(9) Boreal Asia 0.007 0.258
(h) Temperate Asia -0.015 -1.360
(i) South-East Asia 0.002 0.217
(J) Australia 0.005 1.160
(k) Europe -0.028 -1.710
(I) Total Land -0.081 -1.050
(a)+(g) NH High Latitudes -0.018 -0.992

Table 2 Trends and their t-test values of annual re-
gional fluxes of CarbonTracker (CT2013) data. The
regions are same as TransCom. Trends are significant at
the level of 95% for |t|=2.306 and 90% for |t|=1.860.

B Db LR AEITEKAR E L TCCO0RINIHE LTD
BEEZ R > T\ D Z L AVRIR X 47=. CarbonTracker
(CT2013) D7 T v 7 AHEEME T b R DK R 115
ENTWER, MED R v FOFBEMEDENR,
HDWGEIE S L D7 T v 7 A OBV, KK E

L CHMNTIC LD HEEEN K& RREEFFOZ & %
ARLTWD.

ASBITHEERRZHE LV /NS T570, @keT
NOWEIZEDHEEOmM B, D WEBIEE A
72 HGOSATE O 2BIICO, 7 — % I A b7
E OB FIEDOH R ZIT > THDE T2,

B

AHFFE TR = TransCom3 Layer2Difiizik D 7 1
fan, FHENDGT =B LW 70 7 F A
IITransComas — A_X—T X WAL £ L7z, wilinis
2B D KK ET TV & T2 COL Mk B IT
HRZZLMIERA T 4 T & — (RELEFRM)
DA—=N—a st a—F—%FEHLTITWE L.
MR T OWEN I AV 5 7ZGLOBALVIEW CO,
BLHE T — Z IINOAA/ESRL S — A~ — 2 L 0 g
LE L. fbABREHEFRCO, 7 7 v 7 ADT — 2%
CDIACAKR —AR—U XIS LE L. AKER
CO,7 T v 7 ZADF — ZZORNL DAACD 7K — L2
— VX VRS LE L. CarbonTracker® 7 7 v 7 A

7 — 4 (CT2013)/ZNOAA/ESRL CarbonTrackerds — A
N=V X VEELE L. RmXoORIZHERGTIAE
RMAEER DB T A 7 7 U FHWTHERR L E L7z,
U EOMBEICHEEZR LET.

& Xk

o aE, KM FHR (1999) : IWITHILET L&
W2 KRRHIZI T 2 COM LD, B S 5T
T, %54275B-1, pp. 385-396.

Andres, R.J., Boden, T.A., and Marland, G. (2013): An-
nual Fossil-Fuel CO, Emissions: Mass of Emissions
Gridded by One Degree Latitude by One Degree Lon-
gitude, DOI: 10.3334/CDIAC/ffe.ndp058.2013, http://
cdiac.esd.ornl.gov/epubs/ndp/ndp058/ndp058 v2013.ht
ml

Baker, D. F., Law, R. M., Gurney, K. R., Rayner, P.,
Peylin, P., Denning, A. S., Bousquet, P., Bruhwiler, L.,
Chen, Y.-H., Ciais, P., Fung, I. Y., Heimann, M., John,
J., Maki, T., Maksyutov, S., Masarie, K., Prather, M.,
Pak, B., Taguchi, S. and Zhu, Z. (2006): TransCom 3
inversion intercomparison: Impact of transport model
errors on the interannual variability of regional CO,
fluxes, 1998-2003, Global Biogeochemical Cycles, Vol.
20, GB1002, doi:1029/2004GB002439.

Ballantyne, A. P., Alden, C. B., Miller, J. B, Tans, P. P.,
and White, J. W. C. (2012), Increase in observed net
carbon dioxide uptake by land and oceans during the
past 50 years, Nature, 488, pp.70-72.

CarbonTracker (2013), CT2013, http://carbontracker.
noaa.gov

Conway, T. and P. Tans (2009): Trends in Atmospheric
Carbon Dioxide — Global, www.esrl.noaa.gov/gmd/
ccgg/trends.

GFED (2012), Global Fire Emissions Database Ver. 3.1,
http://www.globalfiredata.org/index.html

Gurney, K. R., Law, R. M., Denning, A. S., Rayner, P. J.,
Pak, B. C., Baker, D. F., Bousquet, P., Bruhwiler, L.,
Chen, Y.-H., Ciais, P., Fung, I. Y., Heimann, M., John,
J., Maki, T., Maksyutov, S., Peylin, P., Prather, M. and
Taguchi, S. (2004): TransCom3 inversion inter- com-
parison: Model mean results for the estimation of sea-
sonal carbon sources and sinks, Global Biogeochemical
Cycles, Vol. 18, GB1010, doi:10.1029/2003GB002111.

Hayes, D. J., McGuire, A. D., Kicklighter, D. W., Gur-
ney, K. R., Burnside, T. J., and Melillo, J. M. (2011), Is
the northern high - latitude land - based CO, sink

Global Cycles, 25,

weakening?, Biogeochemical

— 161 —



doi:10.1029/2010GB003813

Iguchi, T. (2011): Correlations between interannual vari-
ations of simulated global and regional CO, fluxes from
terrestrial ecosystems and EI Nifio Southern Oscillation,

Tellus B, 63B, DOI: 10.1111/j.1600-0889.2010.00514.x,

pp. 196-204.

IPCC (2014): Climate Change 2013 — The Physical Sci-
ence Basis, Cambridge University Press, UK.

McGuire, A. D., Anderson, L. G., Christensen, T. R.,
Dallimore, S., Guo, L., Hayes, D. J., Heiman, M.,
Lorenson, T. D., Macdonald, R. W., and Roulet, N.
(2009), Sensitivity of the carbon cycle in the Arctic to
climate change, Ecological Monographs, 79(4), pp.
523-555.

Marland, G., Boden, T. A. and Andres, R. J. (2009):
Global, Regional, and National Fossil Fuel CO, Emis-
sions, in Trends: A Compendium of Data on Global
Change. Carbon Dioxide Information Analysis Center,
Oak Ridge National Laboratory, U.S. Department of
Energy, Oak Ridge, Tenn.

NOAA/ESRL (2009): GLOBALVIEW, http://www.esrl.
noaa.gov/gmd/ccgg/globalview/index.html

Peters, W., Jacobson, A. R., Sweeney, C., Andrews, A.

E., Conway, T. J., Masarie, K., Miller, J. B., Bruhwiler,
L. M. P., Pétron, G., Hirsch, A. I., Worthy, D. E. J., van
der Werf, G. R., Randerson, J. T., Wennberg, P. O.,
Krol, M. C., and Tans, P. P., An atmospheric perspec-
tive on North American carbon dioxide exchange: Car-
bonTracker, Proceedings of the National Academy of
Sciences of the United States of America, 104(48), pp.
18925-18930, doi: 10.1073/pnas.0708986104.

TransCom (2007): The TransCom Experiment, http://

www.purdue.edu/transcom/index.php

Van der Werf, G. R., Randerson, J., Collatz, G. J., Giglio,

L., Kasibhatla, P. S., Arellano Jr, A. F., Olsen, S. C.
and Kasischke, E. S. (2004): Continental-scale parti-
tioning of fire emissions during the 1997 to 2001 El
Nifio/La Nifia period, Science, 303, pp. 73-76.

Van der Werf, G. R, Randerson, J. T., Giglio, L., Collatz,

G. J. and Kasibhatla, P. S. (2006): Interannual variabil-
ity in global biomass burning emission from 1997 to
2004, Atmospheric Chemistry and Physics, 6, pp.
3423-3441.

(X ZHEH : 2014%6R108)

— 162 —





