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Much of the evidence for glacier change in Glacier National Park exists in the qualitative
and visual analysis of temporal photographs, taken at or near the same location over two or more
time periods. These images serve to show glacier change, and in fact are quite effective given the
often dramatic results. This assessment method is important for the public at large and for the
Parks Service outreach efforts, to raise awareness of the effects of climate change. However,
these analyses are largely qualitative, and lack the numerical assessment necessary for scientific
reporting. In order to make a quantitative evaluation of volume change, raster data was collected
from the USGS National Elevation Dataset, LIDAR data was collected from Brian Menunous
and others from University of Washington, and glacier margins were digitized for the time extent
in question. The NED DEM was created from 1966 topographic maps and imagery, and the
LiDAR was flown in 2015. This 49-year time interval was assessed for volume change and
uncertainty. The 9m NED DEM was resampled and interpolated using cubic convolution, inverse
distance weighted, spline, and kriging, in order to create several outcome rasters. These rasters
were compared to the original raster in order to determine which method had the least amount of
error. The preferred method was cubic convolution, and was used to create 5m, 3, and 1m
DEMs. The LIiDAR dataset was used to create a 1m, 3m, 5m, and 9m DEM for comparison.
Uncertainty results showed that leaving the NED DEN at 9m resolution, and coarsening the
LiDAR to 9m to match, was the preferred and most accurate method. These results indicated a
volume change for Sperry Glacier of (-) 0.0291 + 0.0028 km?3. The preferred method was then
used for the remaining 8 glaciers with LIDAR coverage in the Park. These results gave a total
volume change for the entire Park equal to (-) 0.1424 + 0.022 km?3. These numbers will soon be
compared to studies done by David Shean, Brian Menunous and other from the University of
Washington and the USGS.
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ORIGINAL NED (1/3 arc-second resolution or approx. 9m)



1meter DEM Created from LIDAR



Creating Raster Data

Option 1: Interpolating the LiDAR data to courser resolution
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1 Meter DEM 3 Meter DEM 5 Meter DEM 9 Meter DEM

Option 2: Interpolating the NED data to finer resolution
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Use Raster Calculator to subtract older DEM FROM newer DEM (new - old)
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1 Meter DEM 3 Meter DEM 5 Meter DEM 9 Meter DEM
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Sperry Glacier LiDAR Footprint and Control Zones



Calculating Volume Change & Uncertainty



Choosing a Method

Original LiDAR 1m
(-)
1m interpolated
FROM NED

3m interpolated
FROM LiDAR

(-)

3m interpolated

5m interpolated
FROM LiDAR

(-)

5m interpolated

9m interpolated
FROM LiDAR
(-)
9m Original NED

FROM NED FROM NED
Volume
-) 0.036 km3 -) 0.033 km? -) 0.031 km?3 -) 0.029 km?3
change | ©) - (- (-
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Uncertainty for all 9 Glaciers

Uncertainty Binned by Slope
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Preliminary Results
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Conclusions

Total Volume Change for all 9 Glaciers

That's equal to roughly 380,000 * 58,000 Olympic Swimming Pools!






