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AGC
Geodetic Technical
Working Group

To unify the geodetic priorities of diverse stakeholders within Alaska; to
preserve, densify, and enhance Alaska’s geodetic control networks for the
maximum benefit of a broad user base, and to support statewide precise

positioning and mapping activities through the identification and
recommendation of consistent practices appropriate for different applications,
geodetic product/tool development, and educational outreach.
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CORS Challenges

Limited access (few roads, autonomous power,
telecommunications)

Harsh weather (high winds, extreme cold temperatures)
Wild animals (cable/radio damages)

Tectonically active sites

Higher cost for installation and maintenance

ACO09

Cordova, AK
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CORS Challenges in Alaska

« Communication outages; ~40% of stations are ‘non-operational’

« €15% of stations are full-GNSS

« 45% of published positions are out of tolerance (2 cm <>, 4 cm $)
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CORS Network Gaps

Active Geodetic Control (CORS)

Operated by UNAVCO
(EarthScope PBO)

Non-UNAVCO

Guidance:

CORS spacing of approximately
250 km is typically adequate to
meet the minimum requirements
of most common users (OPUS)

Passive Survey Monuments

Active Geodetic Control

] Adequate coverage
Threatened coverage

earth

Limited coverage

Minimal coverage

SCEP

www.earthscope.otg
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http://agc.dnr.alaska.gov/geodetic_control.cfm Pearson/iohnson, SOA, 2017

Esri | Alaska Department of Natural Resources, A... -]
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Applications of GNSS

S

* Long-term tectonic motions « Water Vapor in lower atmosphere
* Fault strain accumulation * Jonosphere:Total Electron Content. electron
* Characterizing deformation density, scintillation
+ Earthquake studies _ :
« Transients Industry. Construction. Surveying.
Agriculture
Deeper Earth Processes + Base station for differential surveys

Real-tume comrections
So1l moisture estimates
Vegetation growth estimates

* Thickness of elastic lithosphere and
asthenosphere
» Viscosity of asthenosphere and upper mantle

Hydrosphere/Cryosphere
i * Volcano momtoring
* Seasonal snow and water loading * Volcanic ash detection
* Longer term hydrologic change + Earthauake early warning
* Glacal Isostatic Adjustment « Rapid fault slip and magnitude estimates

+ Sea level studies » Tsunami early warning

from Julie Elliot, Purdue University, AGU 2015
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Geometry of
Multipath

GPS Signal
/ Transmitted at 1.5 GHz

frequency of signal strength
data depends on H, the GPS
transmit frequency, and the
reflecting medium.
Footprint depends on H
Reflected and e.

Antenna-H-2.5m

Planar Surface

GPS site becomes an interferometer from K. Larson
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GPS SNR Data

SNR data, PRN 29, PBAY, Day 127, 2012
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Q PBO H,0 Data Portal szt in@

| Data Products

* Snow

7 Vegetation
\
6 Soil Moisture

¥ Water Loading

Update 2017-08-17

* We have recsived a Governor's Award for High-
N Pt

me back to life! Thank you to Mark

Station SC02 in Friday Harbor, WA

eo0o00000COCOOOOOONOS

¥ Snow »7 Vegetation &, soil Moisture ¥ Water Loading
Snow influences the land-surface water budget. Monitoring changes in vegetation is important for Soil moisture affects the partitioning of precipitation Regional water storage loads the surface of the
S Snow measurements are needed both to study climate and hydrologic modeling applications, into runoff, evapotranspiration and deep drainage Earth. Changes in boading from these reservoirs
] climate and to predict drought, flooding, and water validation of satellite estimates of land surface and the fluxes of energy and carbon between the
availability. conditions, and testing of ecohydrological land surface and atmosphere.

FRrT hypotheses.
= Lol

View data »

http://xenon.colorado.edu/portal

Liu, L. and K.M. Larson, Decadal changes of surface elevation over permafrost area estimated using reflected GPS signals,
The Cryosphere, doi 10.5194/tc-2017-139, 2017 [in Review]

Larson, K.M., R.D. Ray, and S.P. Williams, A ten year comparison of water levels measured with a geodetic GPS receiver
versus a conventional tide gauge, J. Atmos. Ocean Tech, Vol. 34(2), 295-307, doi: 10.1175/JTECH-D-16-0101.1, 2017.

Larson, K.M., R. Ray, F. Nievinski, and J. Freymueller, The Accidental Tide Gauge: A Case Study of GPS Reflections from
Kachemak Bay, Alaska, IEEE GRSL, Vol 10(5), 1200-1205, doi:10.1109/LGRS.2012.2236075, 2013


http://xenon.colorado.edu/portal
http://xenon.colorado.edu/portal
https://www.the-cryosphere-discuss.net/tc-2017-139/
https://www.the-cryosphere-discuss.net/tc-2017-139/
https://www.the-cryosphere-discuss.net/tc-2017-139/

Snow depth(m)
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Snow Depth Sites in Alaska PBO H,O

¥ Snow
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The Accidental Tide Gauge
Peterson Bay, Alaska

Larson, K.M., R. Ray, F. Nievinski, and J.
1y L Freymueller (2013)

B “KBAY” was orlglnally mstalled by UAF
' GI (Freymueller and Q‘thers) to mczmtcr'“
e crustaLdeform:a.non e
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Sw.

Datums for 9455517, Kasitsna Bay, Kachemak Bay, AK

All figures in feet relative to station datum

~25 km SW

MTL: -3.59 MSL:- -3.51
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Comparison between GPS and Seldovia NWLON Record

B8

'?_

B

sea level (m)

Tide Gauge
. * GPS E
. L]
] :. | ! ',
t1re . ]
B 8 10 12 14 16

days of April (2012)

Larson et al., The Accidental Tide Gauge, IEEE GRSL, 2013
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Daily Comparison with NOAA tide gauge
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Decisions don’t wait for data

Despite insufficient baseline or real-time data, Alaska’s coastal
2 communities are engaged in response, mitigation and/or adaptation
. .~ efforts related to fluctuating coastal water levels

: Sl iy - " 4 - b
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ALASKA IS DATA LIMITED: Real Time Water Levels
N

NWLON Stations planned in FY16
- NWLON Gaps (updated 2015)
" (2250) Approximate Population w/in Gap
8

Delaware has:
4 gauges along 50 km
of coastline

A

Northwest Alaska has:
4 gauges along 3,000+
km of coastline

Y
A
1

Sea lce
Telecommunications/
power/access issues
Limited ocean
infrastructure
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S St « 26 Active Stations (10 are in Arctic)

« 17 Stations with RSL trends
« n~5 stations with cGPS w/in 1 km
« Modified 5-year Procedure for datums
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Exploring Options for Integrated
Water Level Observation in
Alaska

National Tsunami Warning Center (NTWC)

* May 2015
* 2-day Workshop
* Organized and hosted |

Genter for
Operational Oceanographic
Products & Services

Alaska Ocean Observing Syste!

* Presentations:
* Existing Technologies

¢ Databases

% JOA Surveys, LLC

* Existing Assets/Resources
g / At the boundary between land and sea

COASTAL & ACL'AP Hﬁﬂ
NEARSHORE WATER AAIaska Cer]cter gog (i‘_limate
ssessment an olic
LEVEL OBSERVATIONs evyEem | 95 Army Corps
IN ALASKA of Engineers,

Western Alaska LCC

NATIONAL
PARK
SERVICE
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THE EYE ON ALASKA'S COASTS AND OCEANS

=
@ IOOS Integrated Ocean Observing System
.

NWS-funded Dual Effort in Alaska %
N

UNAVCO{) “Science

%+ Technology

\,/ % Applications

* New PBO-type station in Western AK = Small Business Innovation Research Program
* Multi-user data gap « “Grab-and-go” Receiver System
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ASTRA Pilot Project (2016-17) GPS Antenna

Seward, AK:

.



Tide Height (m above MLLW)

Tide Height (m above MLLW)

ASTRA Measurements '
NOAA Tidal Gauge
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ASTRA Pilot Project
« March — September 2017
« Compared to NWLON <2km away

New NWS Project Location(s) in 2017-18
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Why use GPS to measure
water levels?

A GPS tide gauge is inherently defined in a terrestrial
reference frame, so you can correct for glacial isostatic
adjustment, subsidence, effects of earthquakes, etc.

No part of a GPS receiver is in salt water.
It’s relatively cheap, and simple to operate and maintain.

Since the reflection zone is based on the height of the GPS
antenna above the surface, the system can be set relatively
far from the coast.

Consider:

1. Archive S1/S2/S5 in RINEX files

2. Remove elevation angle masks

3. Track (and archive) modern signals

4. Add opportunistic met. packages (+other systems)

from K. Larson
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Thank Youi




