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INTRODUCTION

Location of 90,000 km2 of glaciers in northwestern North
America (shown in blue), separated into seven geographic regions: 1 = Alaska Range; 2 = Brooks Range; 3 = Coast
Range; 4 = Kenai Mountains; 5 = St. Elias Mountains; 6 =
Western Chugach Range; 7 = Wrangell Mountains. Red shading identifies those glaciers measured using airborne laser altimetry.

We have used airborne laser altimetry to measure surface elevations along the
central flowline of nearly 100 glaciers in Alaska, Yukon Territory and northwestern
British Columbia (northwestern North America). Comparison of these elevations
with contours on maps derived from 1950s to 1970s aerial photography yields elevation and volume changes over a 30 to 45 year period. Approximately one-third
of glaciers have been re-profiled 3 to 5 years after the earlier profile, providing a
measure of short-timescale elevation and volume changes for comparison with
the earlier period. Glaciers in these regions are contributing between 0.27 to
0.31+/-0.10 mm/yr sea level equivalent during the past decade and therefore comprise a significant portion of the global cryospheric contribution to rising sea level.
Here we describe ongoing efforts to reduce uncertainty in our estimates of glacier
volume changes. In particular, we use Digital Elevation Models (DEMs) from the
NASA February 2000 Shuttle Radar Topography Mission (SRTM) to test how well
laser profiles represent elevation changes across entire glacier regions.
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Rates of elevation change of 23 glaciers in
the Western Chugach Mountains, Alaska.

The average rate of elevation change from six glaciers (black line)
measured by laser altimetry underestimates the rate of thinning
determined from SRTM (pink line). The area-averaged rate of thinning determined from the SRTM is double that determined from
laser altimetry. This is because laser altimetry undersampled many
of the dynamic lake terminating and tidewater glaciers in this

DYNAMIC CHANGES OF TIDEWATER GLACIERS
Results from the Harding Icefield, Western Chugach and
Coast Mountains illustrate that tidewater glaciers can dominate regional volume changes. These glaciers have dynamic cycles causing thinning which far exceeds that which
would occur due to climate alone. Extrapolating to or from
these dynamic glaciers would introduce large errors in regional volume changes.
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We are using the SRTM elevation changes to assess errors in assuming a centerline laser profile (red line) represents changes on
an entire glacier (blue points). In this example (Lamplugh Glacier)
elevation changes are well represented at low elevations, but the
scatter increases at high elevations.
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To extrapolate laser altimetry measurements to unmeasured
glaciers, we average the centerline elevation changes by 30
m elevation bins. This regional average curve is shown in
black below. For comparison, we averaged the SRTM elevation changes into 30 m elevation bins (pink line). Averaged
over the entire Harding Icefield, the laser altimetry extrapolation predicts less thinning (-0.4 m/yr) than the SRTM (-0.6
m/yr).
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suggest glacier dynamics play an important role in modulating the long-term patterns of volume change that would occur
due to climate alone.
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Glaciers in this region were mapped with laser altimetry in August
2004. Comparison with 1950/57 USGS map contours shows
complex patterns of thinning. For example, changes of adjacent
tidewater glaciers (Harvard and Yale) were asynchronous during
the ~50 year period. No robust scheme could be found to predict
area-averaged glacier balances from parameters describing glacier geometry (eg: slope) or climatic environment (eg: ELA). We

-similar patterns of thinning
-patterns of thickening are
more realistic and well defined in SRTM elevation
changes
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Rates of elevation change of individual glaciers in the Coast Mountains shows the variability of tidewater glacier changes relative to nontidewater glaciers.

Glacier Bay, Alaska, where the tidewater glacier cycle has induced rapid
volume losses (total of 8 mm sea
level equivalent) since 1770 AD.
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Rate of elevation changes of
13 glaciers on the Harding
Icefield, Alaska, between
1950 to 1995, determined by
differencing airborne laser altimetry and US Geological
Survey map contour elevations. Centerline laser profiles
are assumed to represent all
elevations within 30 m elevation bins.
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Approximate partitioning of glacier
volume losses, by region. Glaciers of
the St. Elias Mountains comprise nearly
one-half of all glaciers in northwestern
North America and are making the largest contribution to rising sea level.
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-Extrapolation of laser altimetry profiles underestimates regional glacier volume losses in

Western Chugach Mountains

The distribution of glacier surface area with elevation determines the sensitivity of each
region to future climate changes. Regions with large amounts of area concentrated near the
mean equilibrium line elevation (red line) will have a larger response to climate change than
those regions with more distributed area-elevation profiles.
Temperatures have increased in northwestern
4000
North America during the
past 50 years, with the larg3500
est changes occurring
3000
during the winter months.
The mean position of the
2500
winter freezing level height
relative to the regional area
2000
distribution shows that
Mean Equilibrium
coastal regions (Kenai,
1500
Line Elevation
St.Elias, Western Chugach
1000
and Coast) are most susceptible to increases in
Mean Winter
500
winter temperature, causing
Freezing Level
increased occurance of rain
0
instead of snow.
Area Distribution (km)
Wrangell Mountains

CONCLUSIONS

Elevation (m)

SENSITVITY TO FUTURE CHANGES

the Harding Icefield and Coast Mountains.
-Tidewater glacier changes are asynchronous within regions and should be treated independently in regional extrapolation schemes.
-Even in regions with similar cliamte conditions, glacier dynamics complicate regional
volume changes over long time scales. This argues for a high density of spatial coverage in
laser altimetry measurements.
-Several maritime glaciers in northwestern North America have large amounts of area at low
elevations and will be sensitive to future changes in climate
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