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UNAVCO

* Introduction to UNAVCO, EarthScope, PBO, etc.

» FarthScope airborne LIDAR data.

» Plate Boundary Observatory (PBO) GPS/GNSS network, data and applications.

* Summary.



UNAVCO

* ...IS a university-governed consortium that advances and
supports geodesy community science goals.

* ...Is primarily funded by the National Science Foundation
(NSF) and operates the National Earth Science Geodetic
Facility, known as the Geodesy Advancing Geosciences and

FarthScope (GAGE) Facility.

* ...In collaboration with |PL, Is responsible for the operations
and maintenance of the 62 permanent GNSS stations that
comprise the NASA Global GNSS Network (GGN).

* ...has collaborative partnerships with other federal agencies
including the USGS and NOAA.

- ...provides geodetic infrastructure and geodetic data
services that support GPS/GNSS, INSAR, LIDAR and other

data by providing instrumentation, engineering, development
& testing, data archiving, data products, technical training,
community workshops, and education resources.
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* ...operates large scale GPS networks
around the world including the Plate
Boundary Observatory (PBO),

e N EEaki e B O INETCINAS A (GGIN
and many others.

* ...developed and maintains TEQC
software

° ...Supports event response activities % = L T
such as recent earthquakes in Nepal, Japan, B o e LA
Chile, Hartl. 4 e ‘

/
-
i

v \»— AN J.j‘ : T
BTLeT
. mti .

. w3 L i

* ...works to promote a broader
understanding of Earth science through

education and outreach.

» ...staff are engaged In national and
international community efforts including

the 1GS Governing Board.

* ...Is based in Boulder, Colorado.
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addition to "standard’ products. Examples: s 3 DS
» High rate GPS RINEX (|-sps, 5-sps) 40° -
» High rate BSM processed data (|-sps)
» ..For geophysical event response. Recent examples: —
+ M83.2 lquique, Chile 2014-04-01. Full network download (first
ever at 5-sps)...| |02 stations... |.6 TB data...| 60 hours of GDS
staff time over 6 weeks. 38°

» M6.0 American Canyon (Napa) 20 14-08-24. All GPS stations
within 300 km of epicenter...2 |9 stations total.

- ..For non-event community projects (e.g., airborne LIDAR surveys) 37" 7

- Custom data requests often eprtomize the full surte of UNAVCO
staff and services...Gl, GDS, ECE...all groups are involved

36° {1Hz 5Hz
Downloaded and archived

Manually downloaded
Partially downloaded
Data not available

Station not used
T 1 T 1 T ' I
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UNAVCO

carthScope Backgrouna

* Funded by NSF

* Project started in 2003 - continues through 2018

* [hree Components - Geodetic, Seismic, and Drilling

* Deploys thousands of seismic, GPS, and other geophysical instruments

* Purpose: lo study the structure and evolution of the North American
continent and the processes the cause earthquakes and volcanic
eruptions.

* A collaboration between scientists, educators, policy makers, and the
public to learn about and utilize excrting scientific discoveries as they are
being made.

* Total EarthScope Budget: ~$500M over the lifetime of the project

Geodetic Component - PBO
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UNAVCO

carthScope Backgrouna

e Funded by NSF PRPRM )  Sessbicis s Hossiwe bre
* Project started in 2003 - colntingesl throughIZlO |18 s Scerce: he Uriverse's Ten s EpoPrfocs

* [hree Components - Geodetic, Seismic, and Drilling e ——— —

* Deploys thousands of seismic, GPS, and other geophysical instruments
* Purpose: lo study the structure and evolution of the North American

1. The Earthscope

A telescope 10 poer deep indo ™he heart of owr planet

Desgred 1 yack North Amerca s geclogcal ovovton. EathGoope
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UNAVCO

* Introduction to UNAVCQO, EarthScope, PBO, etc.

» EarthScope airborne LiDAR data

» Plate Boundary Observatory (PBO) GPS/GNSS network and data

* Summary
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UNAVCO

L IDAR AL | S

® LiDAR = Light Detection And Ranging

® Terrestrial Laser Scanning (TLS) = ground based LiDAR measurements.
Also called tripod LiDAR or T-LiDAR. UNAVCO provides support for TLS
instrumentation, engineering, data processing, archiving, and training.

® Airborne Laser Scanning (ALS) = aircraft based LiDAR measurements.
Also called airborne laser swath mapping (ALSM). UNAVCO supports ALS
by providing high rate GPS data and project management (e.g.
GeoEarthScope).

® LiDAR data discussed here based on Time of Flight (TOF) laser pulse
measurements to generate a 3D “point clouds”.

® Fach measured point has range and intensity values determined by the laser
pulse properties plus an X,Y, Z value determined by the scanner’s
orientation.

® Scanners can record multiple returns per pulse or even the full
waveform which helps LIiDAR measure/classify vegetation and ground.

® Scanner orientation measured by IMU on moving platform.

® Scanner position measured by (high rate) GPS on moving platform
with reference stations on ground.
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Fort Irwin, eastern Garlock fault




Airborne LIDAR imagery of
Panamint Valley (from
filtered, 1-m, KMZ file).
Orange lines are mapped
fault strands from USGS
database.
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UNAVCO

The “B4”
project

* Led by Mike Bevis (OSU)
and Ken Hudnut (USGS)

* LiDAR data collected by
NCALM

* GPS data collected by

UNAVCO and many field
volunteers

e Data collected in 2005

e San Andreas and Jacinto
fault coverage from
Parafield to Salton Sea

Akciz et al., Feb. 2010 Science

Zielke et al., Jan. 2010 Science

High-resolution LiDAR data rewrites
the history of the 1857 Earthquake
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Fig. 2. (A) Hillshade map of channels #34 and #35 (5) generated from LIDAR-based digital elevation
models. (B) Topographic profiles along red and blue lines are projected onto the fault plane based on
channel obliquity [yellow dashed line in (A)]. Also shown is the blue profile, back-slipped by optimal
offset estimate. (C) 1/Z(Aelevation) is a measure of goodness of fit, calculated for each back-slip
increment. (D to G) Current and back-slipped hillshade plot of two channels in the Carrizo Plain area

that intersect the SAF and were offset during the 1857 earthquake (Fig. 1B).

- National Science Foundation
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Press Release 10-011

« New Earthquake Information
News ] Unearthed by San Andreas Fault
Studies

News From the Fleld

For the News Media

The northwest offset
channel of the Bicart
Fan, Carrizo Pain,
00K NG COmNSTream,
Crecit and Larcer

Stream channel offsets features linked to large

Special Reports ecarthquakes

Research Overviews

NSF-Wide Investments

Speeches & Lectures
NSF Current Newslotter
Multimedia Gallery

News Archive

Arctic & Antarctic

- ’_ . Py
Scientists Ramon
Arrowsmith/ASU (back,
eft) and Snan
Aciz/UCT (back, right)
n the Carrizo Plain.
Crecit and Larger

Astronomy & Space
siol

o View of the southeast channel of the Bidart Fan site, Carrizo
Plain, locking downstream.

Chemistry & Materials 1 -
Credit and Larger Version N h\

Computing

Earth & Environment

January 21, 2010
Education
Recent studies of stream channel offsets along the San Andreas
Fault reveal new information about fault behavior--changing our
understanding of the potential for damaging earthquakes,

Engineering
Zelke and Arrowsmith,

Mathematics Both of ASU_ stand In

Nanoscience The stucies were conducted at the Carrizo Plain, 100 miles north  the bottom of a San
of Los Angeles and site of the original “Big One*--the Fort Tejon Andreas trench,

People & Soclety quake of 1857--by scientists at Arizona State University (ASU) Credit and Larcer
and the University of California at Irvine (UCI). Versgn

Physics
Applying a systems science approach, the teams report results of
a pair of studies In the journal Scence Express on January 21st.
The results incorporate the most comprehensive analysis of this
part of the San Andreas fault system to date,

“These research results chalienge the widely accepted

characteristic earthquake model and could transform our
understanding of fault behavior,” said David Fountain, program
director in the National Science Foundation (NSF)'s Division of

- -
View of an offset stream
N e *h



UNAVCO 5

« Acquired ~5,788 km? of high resolution airborne
LIDAR data as part of NSF EarthScope.

* Primary study regions: Northern California, Southern/
Eastern California, Pacific Northwest, Yellowstone/
Intermountain Seismic Belt, Alaska.

* LIDAR targets in most cases were 1- to 2-km wide
corridors centered along active faults.

» Goal: highest data quality possible within scope and
budget. Special considerations were given to
effective ground point density and geodetic control.

* Goal: data would be available to wide user and
application base.

» Goal: a framework for future ALS acquisitions.
» Data were collected and processed by NCALM.

» Data freely available from OpenTopography.
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UNAVCO

PROJECT MAJOR COVERAGE ACQUISITION
REGION TARGETS AREA DATES
Death Valley - Death Valley - Fish Lake Valley fault 420 km? Nov 2006,
Fish Lake Valley Oct 2007
Northern San Andreas, Hayward, Calaveras, 1960 km? Mar-Apr 2007
California Maacama, Green Valley, Little Salmon | (including targets funded
faults, Shelter Cove swath DYy ANC ouel
partners)
Southern/Eastern | Garlock, Elsinore, Panamint Valley, 1,995 km? Apr 2008
California Ash Hill, Owens Valley, San Cayetano,
Calico, Lenwood, Blackwater,
Helendale, San Andreas faults
Pacific Northwest | Yakima fold and thrust belt 290 km? Apr 2008
Yellowstone / Yellowstone, Teton fault, Wasatch 696 km? Jul 2008
Intermountain (Nephi) fault
Seismic Belt
Alaska Denali, Totschunda faults 427 km? Jul-Aug 2008

5,788 km?

" N
AAAAA

e 1
“FLGoogle
Eye alt 73ikm (OO

USGS provided funding for

Haywarc
cood examp
approac
economy of

fault coverage -

e of collaborative

N to leverage
scale (led by Tom

Brocher, Carol Prentice).



UNAVCO NSF EAR IF investment in lidar
data and instrumentation

» OpenTopography

Cooperative facilities supporting _Lidar data discovery & hosting

NSF earth science - Data processing & derived products
(GGeoFkarthSco DE goa\s: - Online data archive & preservation
- Cyberinfrastructure R&D
, - Education & Outreach
* Collect the highest —
quality data possible MOU: -TLS data distribution
for current and fu'tu re - NCALM data - Shared staff (Crosby)
distribution & - CI R&D (e.g.
work online archive /Community\ NASA ROSES)
Support: - EarthCube
* Make the data truly o st
| | &5 Al M courses
accessible to a wide mNCm - Event response UNAVCO
! University of Houston + University of California , Berkeley e (e.g.’ EMC EQ H

e el with - Airborne lidar collection

different r eedS, - Pl Interaction

experience levels and - Funding (grad. seed grants)
- Geosensing tech. R&D - Projects: B4 &

cO T\pUtiﬂg Fesollirces - Education & Qutreach EarthScope

- TLS instrument pool
- TLS data collection
- Pl Interaction

- Geodetic imaging tech. R&D
- Data archive

- Education & Outreach

MOU:
-TLS instruments




UNAVCO A

GEOES P AT

® Target identification and prioritization

® Defining collection scheme and data product requirements
® Resolution vs. coverage
® End use (geomorphology, tectonophysics, etc.)
® Cost

® Field Logistics
® Environmental constraints (leaf-off, snow, heat, wind, etc.)
® | ogistical constraints (airfields, fuel, instrument issues, etc.)
® Permitting

® Data products
® Data format and metadata standards
® Data distribution and analysis challenges



UNAVCO A

GEOES ALS DATA ACCOUIS! TS

» Spec: data sufficient to generate 0.5 meter DEM's

* Spec: minimum of 4 laser hits per square meter (4-12+)

» Spec: data products in absolute reference frame (ITRF2000)
» Data acquisition technology and technique

» Scanner (Optech GEMINI scanner, laser pulse rate frequencies of
100 KHz open areas, 125 KHz forested areas)

» Aircraft position and orientation: IMU accuracy and GPS accuracy
(extensive GPS ground control, suppl. analysis and products)

» Swath overlap (50% minimum)

* Flight height (~600m AGL)

* Field conditions

» Atmosphere (GPS: water vapor, ionosphere)

* Flying conditions due to wind, terrain, etc.

» Topography (esp. challenging in eastern California)
* Processing methods

e Other issues discovered, etc....



UNAVCO 5

GEOES ALS MANAGEMEIN T FIEEEE.

e Community led planning

e lIdentification and development of project objectives, partners and funding (EarthScope: funding from NSF & USGS,
extensive participation/support from NPS, military, universities, local agencies; also PSLC examples).

e Dedicated working group to identify and prioritize basic targets
e Data coverage vs. resolution vs. cost vs. time, etc.

* |ogistics planning and preparation
e Refinement of targets (flight lines plotting, etc.)

e Planning for GPS ground control
e Airfields, fuel, permits, weather (winds, rain, heat, etc.), etc.

e Data collection
e Data processing

e QA/QC

e Preliminary data products reviewed by science advisors Issue with some LIDAR datasets: inconsistent standards; poor QGC;
e Metadata reports prepared and reviewed specs can be “met” but rigorous vetting of final product not done;

e Data distribution Incomplete metadata.
e Open access, multiple formats for different user levels (Open Topography)

e (Qutreach and Education

e Short Courses (independent and/or part of national meetings)
e Dedicated training courses (product or group specific)



~Airborne Lidar Workflow

OFFICE FOR COASTAL MANAGEMENT

@ DigitalCoast Abost Dets Toos

1. Acquire

_ point cloud

-

2. Process i W

e ‘P - -
LA

Introduction to Lidar

Contributing Partners: NOAA Office for Coastal Management

' This self-paced, online training introduces several fundamental concepts of
how high-accuracy lidar-derived elevation data support natural resource an

Laser
+ GPS

e ——————

|
. management applications in the coastal zone. The material provides geospi '
f‘i information needed to understand the characteristics of lidar that have dire + I M U ;;
}v and spatial analysis projects. A demonstration is included to show how lidal b

5 downloaded from NOAA’s Digital Coast.

! What You Will Learn

After completing this course, participants will be able to

2 e

'
..--vv‘m“‘-""..

: « Define lidar : ' S —— - SR—
1 * Select types of elevation data for specific coastal applications
¢ Describe how lidar data are collected

e Identify the characteristics of lidar data : e ; b .

! + Distinguish between lidar data products b b First return :\
* Recognize aspects of data quality that impact data usability :

* Locate lidar data sources and additional information resources

_t —

Lidar 101:

AN INTRODUCTION TO LIDAR TECHNOLOGY,
DATA, AND APPLICATIONS

NatioNaL Oceanic AND ATmosPHERIC ADMINISTRATION (NOAA)
CoastaL Services CENTER

Coastar GeospaTiAL Services Division

CoasTaL REMOTE SENSING PROGRAM

r—'—**

Bare earth

_;x’; //:‘. .-: 3 ; : |

B——




OpenTopography
UNAVCO O Multi-Tiered Data Products

Google Earth (KMZ): visualization &
synoptic data browsing

DEMs: qualitative & guantitative
analysis, GIS-users, data integration

Data Volume, Computational Demands

* Large user community with variable needs
and levels of sophistication.

Point Cloud & Custom DEMs: “raw”
data access and fully customized
data products

Goal: maximize access to data to achieve
greatest scientific impact.

9s Jo ase] / Ayj1qissaddy
®

* Big data — treat data as an asset that can
be used and reused




UNAVCO Data Status

* ~600 billion LIDAR returns
e 158 datasets
e 120,407 km?

e All datasets receive

Digital Object MOUs & Partnerships

dentifiers (:)QD. NSF: NCALM, UNAVCO, CZ0s, LTER
Attribution and Other: World Bank, Tahoe Regional
provenance are key Planning Authority, Teton
aspects of data. Conservation District, Oregon

Lidar Consortium, Idaho Lidar

* Quality depends on Consortium,

provider. Service Agreements: State of Indiana

Watershed Sciences Inc (for PG&E)

e Entire states now In

i

SRTM data now
avallable from OT.

Unknown/Personal

e i Diverse user base for these data, 3470 registered
‘ users, 21,000+ jobs, >30 billion pts/month

downloaded.

~@ BSU SDSC &




UNAVCO
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@ Faso nleror Fault Borrego Faul Elastic
E / ' Lt e
W Lagura Salada Faul X'
(S 0m a2 1900 m, N 2000 m, :

Differential LIDAR and cross section. Elevation
difference map and cross section showing the
distributed deformation as slip steps from the
NW Borrego fault into the Paso Inferior
accommodation zone (from Oskin et al. (2012).
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