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@IVIotivation Alaskan glaciers are shrinking

Eklutna Glacier Terminus: 1915 Repeat photo: 2010

Photo: Stephen Reid Capps, USGS Photo: Ron Karpilo
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Presentation Notes
Alaskan glaciers are thinning and retreating with climate warming and contributing to sea-level rise (Berthier et al., 2010). 
Eklutna glacier’s melt rate increased 50% from 1957-2010 compared to 2010-2015 (Sass et al., 2017). 
Glacial melt increases streamflow within a watershed at varying rates (Fountain and Tangborn, 1985). 




@Nlotivation Eklutna Lake water reservoir

Water from Eklutna lake provides ~90% of Municipality of Anchorage (MOA)
drinking water and 10-15% of the power supply yearly (AWWU, 2019)
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Data: RGI Consortium, NRCS, ADNR, ADOT, USGS
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Presentation Notes
Of the water diverted, 90% is used for hydropower and 10% for drinking water (https://www.eklutnahydro.com/faq/)
Allocation of water for resource management relies on inflow monitoring and prediction. 
Hydroelectric power is Alaska’s largest source of renewable energy: 21% of state’s net electricity generation (https://www.eia.gov/state/?sid=AK#tabs-4).
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Presentation Notes
- Utilities in ownership of the Eklutna Hydroelectric Project share water rights with Anchorage Water and Wastewater Utility, which manages MOA drinking water supply.
- 1991 Fish & Wildlife Agreement Implementation (2020)


How to monitor glacier change?
Mass Balance

e Mass balance is the sum of
accumulation and ablation

e Often reported as a rate of ice loss
over time

e Units: meters water equivalent (w.e.)

e Geodetic mass balance uses remote
sensing techniques to analyze glacier
change

* Specific mass balance reports the
surface difference per unit area over
time (m w.e. at)
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Presentation Notes
http://www.antarcticglaciers.org/glacier-processes/mass-balance/introduction-glacier-mass-balance/


Elevation (m)
2425.73

Objectives

1.4

1) Use an in-house mapping system to build a
digital elevation model (DEM) and image
orthomosaic of Eklutna Glacier in 2019

2) Compare our DEM product to existing high
quality elevation datasets

3) Calculate the geodetic mass balance of
Eklutna Glacier by comparing the produced
2019 dataset with our existing 2018 dataset

Data: RGI Consor tium, USGS L | 1 I | N




How do we map this
complex topography?

Eklutna Glacier =
West Fork

Eklutna Glacier
Main Fork

Collect aerial photographs
from a fixed wing plane

Photo: William Finley
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Presentation Notes
Difficult to acquire snow depth measurements to determine accumulation over large areas, especially over mountainous and glaciated terrain. 
Measuring snow melt by setting ablation stakes is also difficult and time consuming 
SfM is a user friendly and cost-effective method of obtaining remote/widespread elevation data otherwise extrapolated from limited field observations (Westoby et al., 2012).


@Nlethods Mapping System

Instrumentation
e Aircraft (Cessna 185)

Mounted to
plane door
e DSLR Camera (Nikon 850D)L

4 Records camera position

® GPS (Trimble 5700)

at each photo capture

* Flight Management System (Aviatrix:

Aeroscientific, 2019)

Software

¢ Flight planning (FlightPlanner Pro: Aeroscientific, 2019)
e Building 3D structures (Photoscan: Metashape,

Agisoft, 2019)

X

Automatically drives camera
for photo capture at chosen
intervals during flight

Cockpit view of Flight Management System Nikon 850D camera mounted within plane door
with laptop controls necessary for software use

Flight path produced with FlightPlanner Pro to identify target photo centers
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All instrumentation and software is in-house except an aircraft (Blue Ice Aviation)


Photo capture locations
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SfM programs identify matching features among multiple overlapping photos to determine camera and object positions (Westoby et al., 2012). 
The “motion” of the camera on an aircraft provides the depth information because of the many different orientations and locations images are captured from (UNAVCO, 2019)
Other airborne survey techniques like LiDAR are restricted in mountain landscapes that can create line of sight losses and have trouble picking up topography of bright snow (Westoby et al., 2012). 



Methods SfM Processing

Agisoft Photoscan

Sparse point cloud:

Dense point cloud:

Generated from aligning
photographs to calculate Generated from sparse
camera and object point cloud
positions

DEM and Orthomosaic:

Georeferenced mesh is

generated from dense

point cloud to produce
elevation datasets

DEM (left) and
Sparse point cloud orthomosaic (right),
Sept 26, 2019



Methods Data Analysis

Mass Balance Calculation

, DEM,

» Difference 2019 and 2018 DEMs _DEM
B
* Obtain mean surface difference per unit area (pixel) as ADEM

height (m)

e Multiply by glacier ice density: 900 kg m-3
e Assume mass lost is ice

Validation of our DEM to existing high quality
elevation data

(ma™)

e Compare non-glaciated, bare earth terrain subsets to:
e G-LiHT (NASA Goddard’s LiDAR, Hyperspectral & Thermal Imager)
- 2018 https://glihtdata.gsfc.nasa.gov/alaska/index.html
* |FSAR (USGS GeoSAR Interferometric Synthetic Aperture Radar)
- 2011 https://earthexplorer.usgs.gov/

Surface elevation change over
Eklutna Glacier 2018 - 2019


https://glihtdata.gsfc.nasa.gov/alaska/index.html
https://earthexplorer.usgs.gov/

Results

Specific mass balance from our
system: -3.3 m w.e. a1 (2018-2019)

e Compared to-0.74 m w.e. a1
(2010-2015) Sass et al. 2017

Mean vertical difference from our
DEM over 1.5km? subset:

* G-LiHT: 2.7m

* |IFSAR: 0.6m

Main fork Eklutna Glacier, July 2018



Conclusions

* Negative mass balance indicates ablation exceeded accumulation

e A large mass balance result compared to literature indicates need for higher
quality GPS

e Contributing to an already extensive archive of valuable data coverage of Eklutna
glacier and watershed

Next Steps

e Correct datum conversion to improve
results

e Develop mapping system with addition of
new GPS

e |nitiate flight missions in 2020 to continue
monitoring program
e Expand to whole watershed =2

Example flight plan produced in FlightPlanner Pro over Eklutna Watershed
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