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Reconstruction of alpine glaciers of the Last Glacial age in the Hidaka Range,
central Hokkaidoby photogrammetric workstation

(BROKIA S 331F 5 B B ILIR D LKA 0 AT BIE RIS & 5 785T)

Alpine glaciers in the Last Glacial age in the Hidaka Range, central Hokkaido, was
reconstructed by using Leica Photogrammetric Workstation SD2000.  First, the past
glacial distribution was reconstructed on a topographical map with 5 m contour interval,
on the basis of DTM (Digital Terrain Model); second, the relative flow flux (F) of the
glacier was calculated at several cross sections by the following formula,
under the assumption of the glacier flow condition: :

F=W-V
where, W: area of cross section of glacier (m?),  V: relative mean velocity of cross
section. Cross sections were sited on a glacier, each 25 m interval, at the point where
the AAR (Accumulation Area Ratio) of glacier ranges between 0.50 and 0.80.

The equilibrium line altitude (ELA) was determined at the point where the velocity
and flow flux become maximum. The results show (1) that this method is valuable for
the past ELA estimation, and (2) that AAR of each stage decreases with the shrinkage
of the glacier, while THAR (Toe— to— Headwall Altitude Ratio) of each stage generally
increases.

The glacier extent was divided into three stages: stage I , representing the earlier
glacial stades of Last Glacial time (Marine Isotope stages 2 and 3, about 60,000 to 40,000
y. B.P.), stage I , LGM (Last Glacial Maximum, about 18,000 y. B. P.), and stage Il ,
LG (Late Glacial, between about 15,000 and 10,000 y. B. P.). The ELA was always
lower in the east (Tokachi) side of the Range than in the west (Hidaka) side: it was
between 1300m and 1425m in stage I , between 1425m and 1500m in stage II , and
between 1600m and 1650m in stage I in the Tokachi side, while it was between 1325m
and 1500m in stage I , between 1400m and 1725m in stage II , and between 1600m
and 1800m in stage Il in the Hidaka side.

The surface contour of glacier was reconstruction by a parabolic approximation of
glacial cross section. The mass balance of glacier at stage II (LGM) was reconstructed
under the following assumptions:  the depression of the mean air temperature is 6 C,
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the lapse rate is 5.5 °C /km, and the total ablation (Tab) at each altitude is approximated
by the equation: Tab=k T T, where k is the degree day factor for which 9 (mm-water/
°C ) day is used. The total accumulation "(Tac) at each altitude is expressed by the
equation: Tac=Meq+Pg(Z—-ELA), where, ELA corresponds to a position of maximum
flow flux of the reconstructed glacier, Z: altitude, Pg: precipitation gradient for which
1.0 (m-water/ km) is used, Meq: total ablation of ELA.

The result shows that the mass balance is mostly a little bit plus, where the error
rate (| Tac—Tab| / (Tac+Tab) / 2) ranges from 1% to 9% (mean: 4%). When the ELA
is adjusted to the height in which the mass balance becomes 0, the altitudinal change of
ELA ranges from —5m to 37m (mean: 15m). Since the estimation of ELA by a position
of the maximum flow flux of reconstructed glacier is attempted with the reconstructed
surface contour of 25 m interval, the range of this error (15 m at mean) is small enough.
This reveals that the method of ELA reconstruction by the maximum flow flux is valid
for the past glacier. '

The glacier flow is reconstructed for 18 glaciers at stage II , under the assumption
of laminar flow. The calculation revealed that the flow velocity at ELA, without basal
sliding, ranges between 13 * 4 and 211 * 50 (mmy/day), depending on the surface slope
and ice thickness. Comparison of these values with the flow velocity of the present
glaciers, without basal sliding, the glaciers of the Hidaka Range in stage Il were similar
to small cirque and valley glaciers in the world. This flow flux corresponds 24% to 89%
(mean: 65%) of the total accumulation (ablation) of the glacier, for 7 glaciers at area is
bigger than 48 hectare in stage II . This suggests that the plastic flow of glacier without
basal sliding, explains roughly 65% of the annual flow flux.

Discussion was devoted to examine the various factors which may cause the error
for the reconstruction of glaciers in the past: (1) error of glacier extent reconstruction
by the photo— interpretation, (2) effect of difference of air temperature depression in
the past, (3) effect of difference of a lapse rate and degree day factor (k), (4) effect of
difference of albedo of the ablation area to the mass balance, (5) effect of drift snow and
snow avalanches for the accumulation.

Finally, the thickness of snowfall (with air temperature depression of 8 C ) was
compared to the present one.  The result suggests that it decreased of 40% and 50%
resepectively than the present, when degree day factor was 7 and 9 (mm-water/ C day).
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Reconstruction of alpine glaciers of the Last Glacial age in the Hidaka Range,
- central Hokkaidoby photogrammetric workstation
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