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Chapter 1.

Precise and systematic measurements of the concentration of atmospheric greenhouse gases
were first begun in 1957 for CO;, in 1978 for CH, and in 1976 for N:O and extended to various
places around the world. These measurements established that the atmospheric concentra-
tions of greenhouse gases have been increased rapidly due to human activities so that global
climate change is likely to occur in the near future. It is however difficult to predict future
concentration levels of greenhouse gases, because the causes of their concentration increase
are not well understood quantitatively. To solve this problem, the cycle of these gases on the
earth’s surface should be elucidated. For this purpose, it is extremely important to know how
the concentrations of these gases distributed spatially and varied temporally in the past at-
mosphere, in addition to such a knowledge in the present atmosphere. Analysis of air ex-
tracted from polar ice cores is thought to be the most promising method for the above
purpose, because air bubbles in ice sheet preserve the atmosphere at the time of formation of
their surrounding ice. In this study, four ice cores, three from the Antarctica and one from
Greenland, were analyzed to reconstruct the CO., CH, and N:O concentrations and 6%C of C
O: in the past atmosphere, using new and precise experimental techniques.

Chapter 2.

Precise analysis technique with dry and wet air extractions for the CO., CHs and N: O con-
centrations and 6°C of CO. from polar ice core was newly developed independently to recon-
struct their ancient levels. A dry extraction system was capable of crushing an ice sample of
1000 g into fine powder within 2 min, and its air extraction efficiency was found to be 98%.
The overall precision of the present measurements, including air extraction, was estimated to
be better than % 1.0 ppmv for CO., £ 10 ppbv for CH, , & 2 ppbv for N; O and 0.05 %, for
0"C; these are precise enough to resolve variations of the ancient atmospheric CO: , CH: ,
N:O concentrations and 8*C of CO, .

Chapter 3.

In this chapter, the CO,, CHi and N: O concentrations over almost all periods of the
Holocene, obtained by analyzing a 700 m-long ice core drilled at Mizuho Station, Antarctica,
are discussed.

The CO., CHi and N: O concentrations were fairly stable between 9000 and 3000 years before
present (BP), average values being 280.9 * 4.6 ppmv for CO:, 729 % 30 ppbv for CH: and 265
* 8 ppbv for N.O. However, somewhat high values of the respective concentrations were

found around 9000-8000 years BP, presumably being related to high air temperature during
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that period. High air temperature possibly rose the ocean water temperature and enhanced to
release CO;, CHs and N2 O from the oceans into the atmosphere by lowering their solubilities.
It is also thought that emission from land surfaces was intensified by oxidation of organic
matter in soil for CO., by transmethylation of acetic acid or methyl alcohol in wetland and
defrosting of polar permafrost for CH, and by denitrification in aerobic soils or nitrification
in anaerobic soils for N. O.

The CO: concentrations during the period 645-350 years BP were higher by about7 ppmv
than 277 ppmv before and after this period, which is probably related to changes in the carbon
cycle during the Little Ice Age. In general, under circumstance with low temperatures, land
plants wither and oxidize, oxidation of organic matter is deactivated and oceanic CO: uptake
is increased due to higher CO: solubility in ocean water. Taking these into account, it may be
expected that the first effect took precedence over others especially during 700-400 years BP
and the second and third effects over the 400-300 years BP.

After 250 years BP, the CO:, CHs and N: O concentrations increase significantly with time,
due to human activities such as fossil fuel combustion, deforestation, rice cultivation, rumi-
nants, landfills, venting of natural gas at wells, pipeline leakage of natural gas, coal minihg
and biomass burning, cultivation and use of fertilizers.

Chapter 4.

In this chapter, concentration variations of greenhouse gases in the glacial period are dis-
cussed using the results from ice core collected at bare ice field in the southern part of the
Yamato Mountains, Antarctica, which was named South Yamto core.

The CO,, CHs and N2 O concentrations from an ice core near the Yamato Mountains were
obviously lower, the average values being 213.3 & 8.7 ppmv, 484 & 44 ppbv and 243 £ 10 ppbv,
respectively, than the pre-industrial Holocene values, suggesting that this ice core was formed
in the glacial period.

During the glacial period, the CO; concentrations varied almost out of phase with §*C, im-
plies that CO; with isotopically light carbon was added to or subtracted from the atmosphere.
Considering the relation between the CO. concentration and the G*C value, the fluctuations
of the atmospheric CO: concentration during the glacial period may be arisen mainly from C
O: exchange with the land biosphere, unless ®C of CO: in the surface ocean was extremely di-
luted relative to *C.

By comparing measured CQO. and CH, concentrations with those from the Vostok core, the
air age in surface part of the South Yamato core is thought to be older than 30 kyrs BP and
younger than 50 kyrs BP.
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Chapter 5.

In this chapter, we estimated variations of the past concentration of atmospheric CHiin the
Arctic region by analyzing ice core drilled at Site J, Greenland, and north-south CH, differ-
ences in the pre-industrial “pre-agricultural era were derived supplementing by the results
from the Mizuho core and were compared with those from recent systematic measurements.

The pre-industrial /pre-agricultural levels of the CH, concentration obtained from an
Arctic core were higher by 54 & 20 ppbv than those from an Antarctic cores, which is sug-
gested that natural CHi sources had been stronger in the northern hemisphere than in the
southern hemisphere, reflecting the greater extent of boreal compared with austral lands.

The present concentration difference of atmospheric CH: between northern and southern
high latitudes was estimated to be almost three times as much as we have measured for the
pre-industrial /pre-agricultural era. From this fact it was suggested that a large amount of
CH. was being released into the atmosphere from anthropogenic CH, was being released into
the atmosphere from anthropogenic CHi sources especially in the northern hemisphere and,”or
OH radicals have decreased more rapidly in the northern hemisphere, perhaps due to an in-
crease of the atmospheric CO concentration by fossil fuel combustion.

Chapter 6.

We analyzed ice core drilled at H 15, Antarctica, where the annual accumulation was esti-
mated to be about 250 kgm ™. In this chapter, the variations of the atmospheric CO., CH: and
N; O concentrations and &¥°C during the last 250 years are discussed using the results from
this ice core with the age resolution of about 30 years.

The CO:, CHs and N2 O concentrations increased and values of 6%C decreased significantly
during the last 250 years due to human activities. However, the growth rates of their concen-
trations were somewhat fluctuated, reflecting changes in their anthropogenic sources as well
as in their natural sources and sinks.

The pre-industrial /pre-agricultural levels of the N: O concentration obtained from H 15
core as well as Mizuho core ranged from 265 to 275 ppbv, which are apparently lower than
about 285 ppbv from previous studies.

The results derived from the CO: concentration and &%C variations of H 15 core and box-
diffusion model suggested that the increase of the atmospheric CO: concentration should be
ascribed mainly to deforestation during the period from the 18th century to the mid-20th cen-

tury and to fossil fuel combustion after that.
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