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Outline of study results obtained by the group #5 of the GRENE Arctic Climate Research Project
-Studies on greenhouse gas cycles in the Arctic and their responses to climate change-
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!Graduate School of Science, Tohoku University

To elucidate temporal and spatial variations of the concentrations of carbon dioxide (CO;), methane (CH4) and other
greenhouse gases as well as their isotpoes and oxygen concentration in the higher latitudes of the Northern Hemisphere, we
have established comprehensive observations by using land stations and aircraft. Although it was believed that the Arctic
Ocean also plays an important role in the variations of greenhouse gases and their related constituents, it was not well known
about the role of the Arctic Ocean. Therefore, we also have made oceanographic observations by the research vessel ‘Mirai’
once per year since 2011.

These observational data have been utilized to quantify the distributions and variations of sources and sinks of the
greenhouse gases in the Arctic region using almost all of the high-resolution atmospheric chemistry transport models
developed in Japan. We are trying to conbine the high-resolution atmospheric chemistry transport models with a terrestrial
ecosystem model to gain a clearer understanding of complicated process of the greenhouse gas cycles in the Arctic, and how
the greenhouse gas cycles respond to climate change.

By analyzing ice cores and firn air sampled from Greenland and other locations, we reconstructed the changes of the
concentrations and isotopts of the greenhouse gases for the last hundreds years. By using these data, we are investigating the
changes of sources and sinks of the greenhouse gases in the past, as well as how each type of the sources has responded to
climate change.

The major results obtained so far by our research group are as follows;

(1) Simultaneous measurements of the atmospheric O,/N, ratio and CO, concentration have been continued at Ny-Alesund
and Syowa Station. By using these data, the average CO, uptake during the period 2001-2009 was estimated to be 2.9+0.7
and 0.8+0.9 GtC yr’' for the ocean and terrestrial biosphere, respectively."

(2) Our inversion models indicate that land biospher in the northern high and mid latitudes acts as CO, sink for the last 22
years at least. The CO, sink has strengthened during these years. The result is consistent with the fact that amplitude of the
seasonal CO, sycles have increased more than 50% in the northen high latitudes for the last 50 years.”

(3) We found that the Arctic Ocean acts as CO, sink for the last 18 years. The mean annual CO, uptake by the ocean shows
weak positive trend. Several hot spots of CH4 with the hiest value ecseeded 4 uatm were also found in the Chukchi Sea.

(4) Atmospheric CH,4 concentration had been almost stable between 1999 and 2006, then it started to increase again afterward.
By analysing CH, isotopes for air samples collected at Ny-Alesund, Svalbard and Charchill, Canada, we concluded that
the recovery of the CH, increase was explained by strengthening of CH, release from microbial sources such as wetlands.

(5) The northern hemisohere and southern hemisphere (NH/SH) OH ratio estimated from CH3;CCl; interhemispheric gradients
was 0.99. The result of an NH/SH OH ratio of close to 1 was in strong contrast to the other ratios of high in the NH
employed in the previous studies. To match the observed interhemispheric gradient in atmospheric CH4, CH4 emissions in
the NH and SH have to be 398 and 151 Tg of CH, per year, respectively. *

(6) The CH,4 concentration records reconstructed from ice cores and firn air samples, and from direct measurements since the
1980s at multiple sites around the globe are compared with simulation of an atmospheric general circulation model -based
chemistry-transport model. During 1910-2010, the global total CH, emission doubled from ~290 to ~580 Tg yr'.
Compare to optimized emission, the bottom-up emission data set underestimates the rate of change of global total CH,
emissions by ~30% during the high growth period of 1940-1990, while it overestimates by ~380% during the low growth
period of 1990-2010. Using 8"°C data, we attribute the emission increase during 1940—1990 primarily to enhancement of
biomass burning. ¥

These researches greatly contribute to the second Strategic Research Target of “Understanding the Arctic system for global

climate and future change”.
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