UNAVCO

GPS Strain & Earthquakes Unit 3: Finding location and velocity
data for PBO GPS stations

Original activity by Vince Cronin (Baylor University). Revisions by Beth Pratt-Sitaula (UNAVCO).

Analyzing the velocities recorded at different GPS stations can give significant insights into plate
tectonic motion, earthquake hazards, volcanic hazards, groundwater removal, and more.

GPS data can be acquired from a variety of different research groups around the world, but some
the most accessible and easy to use GPS data comes from the EarthScope Plate Boundary
Observatory (PBO), which is managed by UNAVCO. The data are available online for free at
https://www.unavco.org/instrumentation/networks/status/pbo/gps. In this exercise you will learn
one method for downloading GPS station location and velocity data.

Worked Example: Finding PBO GPS data in the Oregon Coast Ranges

Finding station locations in latitude-longitude coordinates

We will search for data generated by one of the PBO’s permanent GPS stations above the
Cascadia subduction zone in northwest Oregon. If we do not know which station we want to
learn about, we can go to the interactive PBO map and zoom-in on our area of interest
(https://www.unavco.org/instrumentation/networks/status/pbo/gps). We find several green
marker dots along the coastline. Clicking on any of the dots will provide some initial
information. The dot we chose (Figure 1) is associated with station P395 (Rose LodgeOR2006)
located west of Salem in northwest Oregon. Clicking on the dot gives us a box that provides the
name and location of the site, as well as a clickable link to more information at
https://www.unavco.org/instrumentation/networks/status/pbo/overview/P395
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Figure 1. Interactive Plate Boundary Observatory station viewer — zoomed to the
area around station P395 in northwest Oregon (west of Salem). Inset window
provides some data and a clickable link for more data about site P395. From
https://www.unavco.org/instrumentation/networks/status/pbo/gps.
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Unit 3: Finding location and velocity data for PBO GPS stations

The overview page provides us with some information that we will need, and even some
resources we might not need (such as a picture of the station) but is nice to have (Figure 2).

Figure 2. Plate Boundary
Observatory Station P395 just
northeast of Lincoln City,
Oregon. From
https://www.unavco.org/instru
mentation/networks/status/pbo/

photos/P395

e

Near the bottom on the left side of the P395 overview page is a box titled “GPS Monument
Coordinates.” The station location is listed on the line that begins “lat/log/elev (d/d/m).” The first
number is the site latitude with positive values indicating north latitude (geographic coordinate
system in the WGS84 datum). The second number is the longitude, with negative indicating west
longitude. The third number is the elevation in meters relative to the WGS84 ellipsoid — that is, it
1s not the elevation relative to mean sea level, as might be indicated on a USGS topographic
map. On September 16, 2015, those data for site P404 were

Latitude 45.02228° (positive is north latitude)

Longitude -123.85753° (negative is west longitude)
Elevation of 53 meters above the WGS84 datum
Carefully record* the latitude and longitude, with all of the decimal places. The sign of the

longitude is important. These data will be part of the input for the strain calculator that we will
use later in this process.

*Recording sheets are at the end of
this document.

Finding station velocities

Now we need to acquire the velocity data for the site. Returning to the overview page for site
P395, mid-way along the left side of the page there is a box labeled “Station Position” with three
graphs. Clicking on the box causes the window to expand. The three plots show the change in
position as a function of time — that is, they are time-series plots. The upper plot shows change in
a north or south direction, the middle plot shows motion in an east or west direction, and the
lowest plot shows motion in the up or down direction. These changes are measured relative to a
reference frame that is computed relative to a set of GPS sites established in the stable interior of
North America (called NAM14 for “North America 2014). Read more about references frames at
http://www.unavco.org/software/visualization/GPS-Velocity-Viewer/GPS-Velocity-Viewer-
frames.html
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Unit 3: Finding location and velocity data for PBO GPS stations

You can switch from the raw data view to a “cleaned” view to a “detrended” view using either
the navigation arrows on your keyboard or by using the small control bar that should appear near
the bottom of the plot window. Both the cleaned and detrended plots provide a numerical
estimate of the mean velocity in each of the three directions along with the corresponding
uncertainty (Figure 3). These velocities are frequently updated as new data are collected. We can
also access the daily position data in a CSV spreadsheet file, and compute our own velocities and
uncertainties.

On December 5, 2017, the posted velocities were:
North 8.66 + 0.08 mm/yr (positive value indicates motion toward north)
East 6.92 £+ 0.18 mm/yr (positive value indicates motion toward east)
Height 0.46 + 0.30 mm/yr (negative value indicates motion down)

We can use these data and the Pythagorean Theorem to find the total site velocity

= /8.66” +6.927 +(0.46)* =11.095 mm/yr

Vsite3D

and the site mean horizontal velocity

v =+8.66%+6.92% =11.085 mm/yr.

site2D

Carefully record the velocities and their associated uncertainties. The signs of the velocities are
important because they indicate the direction of the velocity vector. These data will be used
along with the site latitude and longitude as input for the strain calculator we will use later in this
process.
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Unit 3: Finding location and velocity data for PBO GPS stations
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Figure 3. Static plot of cleaned and detrended time-series plots with interpreted velocities relative
to the stable North American reference frame (NAM14) from PBO GPS station P395. Accessed
5 December 2017 via
https://www.unavco.org/instrumentation/networks/status/pbo/overview/P395.
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Unit 3: Finding location and velocity data for PBO GPS stations

Resources

* Information about the EarthScope Plate Boundary Observatory is available online via
https://www.unavco.org/instrumentation/networks/status/pbo

* Information about the reference frames can be found at
http://www.unavco.org/software/visualization/GPS-Velocity-Viewer/GPS-Velocity-
Viewer-frames.html

¢ Information about UNAVCO is available online via http://www.unavco.org/

* The full public data holdings of UNAVCO are available via their "Data Archive Interface
Version 2" at https://www.unavco.org/data/gps-gnss/data-access-
methods/dai2/app/dai2.html#.

Questions or comments please contact education AT unavco.org. Page 5




UOISUQ)Xd [BJUOZLIOY UIJA

UOISUIIXd [BIUOZLIOY XBIA
Pnuizy ewrxoaddy (uondBIIU0I = - ‘UOISUIIXI = +) USIS

:urens

:(9S1MYO0[0 = - ‘OSIMYO0[J IOJUNOD = +) UOIOAIIP UONRIOY

:uone[suel],
(. Is9myinos,, 10  yjiou,, ‘xd) Pnuizy ewixorddy (1A /wwr) pmyrugey ewrxoaddy

"SUOIIB)S JO 39S SIY) JOJ UOIBWIOJIP snoduejueisul 3y} (19jur) az1sayiodAy o1 p1ory A3100[9A ay3 jo dewr s, dnoi3 oA asn

'SUONISOND SUIMO[[0] 9} JomSUL U} pue d3ed SUIMO[[0J S} UO detl 9) U0 SINIJO[IA [BIUOZLIOY J) }0[d MON

Yovd
96¢d

So6ted
3132uU() F AJOPA IYSPH 313duU() F AJDOPA A 3130U() F AINDOPA N NS

TeaA/uuw ur passardxo ‘b TINVN O3 QAIIB[OI SANIOO[OA IS SID

Yovd

96¢d

S6¢d

duo rewnIq je [ewndq NS

(FIINVN) dWel 20udIdJY ()7 UBOLIOWY YHON ‘WNIep 861 SOA\ Suisn sajeurprood drydei3oan)

:91sqam Ogd 9Y) woJ paxnboe o1om eiep oY) YOIYM UO e

:owreN

(uo 0s pue G ¢ J/MIAIIA0/0qd/SNILIS/SYIOMISU/UOTIBIUSWNISUT/IO 00ABUN MMM //:SANTY) $0vd PU® 96Ed
‘SEEd SIS 10J NISGIM A10)BAIISqQ Arepunog e[ 3dodSylIe ] Y} Wo.jJ e)ep AJIDO0[IA pue UonedIo] S5 Surpuly 1oj 3ddyseyeq

0.% SuoIeIS S5 Ogd 404 Blep AyoojeA pue uoieso] buipuld



I/

(:6°)+(z0'6)/\ = peads |ejo)

0'S

‘'sjusuodwod N pue 3

ay) jo syibus| ay} ase

saplis asoym a|bueuy e jo
asnuajodAy ay} jo yibus| ayy
pul} 0} walioay) ueasobeyifg
ay) asn ‘wa|qoud a|bueuy-ybi
e Buinjos Aq paads |ejo) ay) pul o]

7.5

= paads |e10}

{0‘0g}

"wia109y)
uealsobeyihd
ay} buisn J10j08A

A00jaA [e)0] Bunnsal .
o} jo yibus] oy} puyy pue 5
‘Joy1eb0] s10j0aA Jusuodwod &
N Pue 3 ayj ppe ‘yjew JojoaA
Buisn paads [e}03 8y} puly o]

usuodwod 3

"10199A AJI00J2A |B10)
ay) jo yibus| ay} ains
-eaw 0} ydeub ay) uo
UMOYS 9|eds ay} pue

J9|nJ e asn ‘Ajjeaiydesd
paads [ejo} ay) puy 0|

N component

{0, 7.5)

YOpd SIA/uua 96¢d ‘IA/muwa G6€d :spaads [ejuozLioy [e10],

00l 0 00L-
JA/ww Ul a1 saNIoojeA SdO _________ _________
: e , oov-_n_u nﬁ_

"M0[9q Y311 8 uMOoys

spoyiow 9y} Jo duo Aq paads [BIUOZLIOY [0} AU} SUIULIAIIP UBD NO A “I}IS I JO (10309A AIID0[IA [BIUOZLIOY [0} U} JO YISU[ Ay}

‘ST 181]}) paads [BIUOZLIOY AU} QUIULIAIAP PUR ‘DJIS OB J0J J0JOIA AJIOO[IA [BIUOZLIOY [B10) AU} MBIP UY [, "JedA 1od SIOJQWI[[IW JO syun
ur pareds are sydesd oy, ‘ypnos Junurod 103094 € s1 juduodwod ylou 2A1e39U B pue 1sam Sunurod 103094 e ST juduodwiod jsed dA1e3au
V "M0[2q dew ay) ur S10p U213 Se UMOYS SIS SO OFd 291U} Y} YIM PIJRIDOSSE SI0JIIA ANIO[AA S-N PUB M\ -H Y} MBIP A[[NJaIe)

ODAVNN

suojjels Sd9 Odd 104 ejep Ayoojen pue uoneool buipuld i€ yun



