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OUTLINE

e Discuss nature of crustal motion

e Describe HTDP crustal motion model
e Demonstrate HTDP software
 Discuss software’s applications

e Discuss future software enhancements
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Transformation Parameters ITRFO6 -
-=> NAD_ 83
— i

_4

i)

Translations: T, = 0.9910 meters

T, =-1.9072 meters
,=-0.5129 meters
[25.79 + 0.0532 o(t - 1997.0)] @ k
[9.65 - 0.7423 o(t - 1997.0)] @ k
[11.66 - 0.0316 e(t - 1997.0)] @ k
Scale change: S =10.0 (unitless)
where t = date in years (eg., 1999.0 = 1 Jan 1999)
and k=4.84813681 ¢(10**-9)

Rotations: R,
IN radians Qy
:QZ




Coordinate

NATIONAL GEODE’

National Geodetic Survey - CORS

ITRF velocities
are nonzero

NADS83 velocities
zero for NC Not
for CA

Current antenna
listed

|
| TTRFAON POETTTOAR (PR H 1997 N
4 |

intenna RBeference Point (ARP): PIGECN POINT & CORS ARP

FID = DIOSOO

ITRFOO POSITION (EPOCH 1997.0)

Computed in Aug. 2006 using 16 davys of data.
X = -2725248.640 m latitude = 37 11 12.57747 N
¥ -4295995,534 m longitude = 122 23 23.20293 W
Z 3B33935.240 m ellipsoid height = L.9z24 m
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ITRFOO WELOCITY |
Set equal to wel pptl, adopted from NGE multivesr 1994-2003 in Jun. 2006, |
VE = -0.0270 mfvyr northward = 0.0219 m'vr |
I
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VY = 0.0339 m'vr geastward = -0.0410 mwmfyr
VI = 0.0167 m'vr upward = -0.0012 wivyr

NAD 33 (CORS96) POSITICN (EPOCH 2002.0)
Transformwed from ITEFOO (epoch 1997.0) position in Aug. 2006,

X = -2725245.117 m latitude = 37 11 12.56573 N
¥ = -—-4295999.630 m longitude = 122 23 23.16119 W
= 3833935.276 m ellipsoid height = 6.459 ]

NAD 33 (CORS98) VELOCITY
Transformwed from ITREFOO welocity in Lug. 2006.

VE = -0.0107 mfyr northward = 0.0364 m'vr
VY = 0.0345 m'vr geastyard = -0.0275 m'vyr
VI = 0.0279 m'vr upward = -0.001% w/vyr




A brlef review of horizontal motions

e North Amerlcan Plate contains almost all of the US

ot for a small part of western US which is on the
Plate.

ate boundary zone follows the Pacific coast all the
ay to Alaska.

e In the ITRF and WGS84 reference frames, all points on
both the Pacific and North American plates have non-zero
~ velocities

= The NADS83 reference frame is defined so that all points on
e North American Plate located away from this plate
undary zone will have zero horizontal velocities.

Ints located within the Pacific-North American plate
oundary zone will have NAD_83 velocities magnitudes of
up to 5 cm/yr.

' Accurate surveying in the western US requires a model
describing crustal velocities and earthquakes to allow
survey measurements to be corrected

izontal Time Dependent Posmonmg software
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THE INSTANT OF RUPTURE
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Time series of FAIR
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FAIR : Adjusted Differences from A Priori
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Dislocations
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Each dislocation

represents a rectangular i
patch where one side

slips relative to the other

The name, dislocation, is
used because the slip
displacement is uniform
over the rectangle

thereby producing a
discontinuity along the
edges of the patch.




San Simeon Earthquake

NATIONAL GEODET UR

Blind thrust event

— two sides of the inclined fault
plane moved toward each
other

— A blind thrust, fault plane did
not reach surface.

— As a result, even though the
San Simeon earthquake was
larger that Parkfield

— the displacement vectors are
smaller but were spread over
a larger area.

— Post seismic slip much smaller




Dislocations

NATIONAL GEODETI(

1000 2000

-121°15' -121°00' -120°45'

Slip on the fault
planes is far too
irregular to be
matched with a
single rectangular
dislocation

Realistic models
require an array of
200-300 rectangles,
each covering 2-4
km?Z,

HTDP evaluates the
contribution of each
rectangle and sums



Updated model of the secular field

 models comprisedof
rotating blocks subject %, .4 .
to uniform strains IR AN

 This simple model was - ¢ oo o
able to match the
observations within the -~ @it oina
uncertainties. A S e

 This block model is S T REEE LT
based on combing the
two models published
by McCaffrey et al |1 B s
(2007), McCaffrey Y
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ITR!

GPS velocities

e The most important
constraint for our
model 1s GPS

vectors
Code Num Num | Weight Data Source
Used | Total Factor

ITR5 55 290 0.44 Altamimi et al. 2007
SNRF 18 22 1 SNARF website
DXB2 16 16 1 Dixon et al 2002
HTO4 67 67 1 Hammond & Thatcher 2004
HTO5 94 110 1 Hammond & Thatcher 2005
WILL 36 71 0.25 Williams et al. 2006
CEAl 1285 | 1403 1 California Earthquake Authority
CMM4 1195 | 1318 1 Shen et al. 2007
DMEX 12 14 0.44 Marquez-Azua et al 2003
PBO7 437 795 0.25 PBO 4/2007
PNW7 578 670 1 McCaffrey, 2007; Payne,




L 1 1 1 ] ]
500 50 4 *
/
48" 48" -
467 — — 46° — —
km km
4 - 4 -
0 50 100 0 50 100
Slip Velcocity mm/yr
0.0 0.5 1.0 0 10 20 30 40
42° ) 42° — )
Phi VelPhi
T T T T
238° 232 234° 236° 238°

23 23 236°

Phi refers to the degree of coupling. A value of 1.0
corresponds to full interseismic coupling, and O means no
coitinlina (acaiecmicec crean) Marain ice lneclved nviar | IKQ



Clrcular reqmns excluded from model

United &

e 4 active volcanic areas

« Two in southern half of
CA are associated with
post seismic effects

NE i Center
B s (.0 |Center Latitude |longitude
L | radius

Name deg min | Sec | deg | min | sec km
Long Valley V. F. 37 42 | 0 |118 | 54 0 20
Coso Volcanic Field 36 0 0O [117 | 45 0 20
Yellowstone 44 25 | 48 | 110 | 40 | 12 50
South Sister Volcano 44 6 0O |121| 51 0 20
Mt St Helens 46 12 | 0 |122| 10 | 48 20
Landers quake 34 24 | -0 | 116 | 30 0 20
Landers quake 34 0 O (116 | 30 0 20




Grids

 HTDP uses four interpolated grid files to calculate the secular velocities.

» These grids cover different regions with different cell sizes in order to obtain
higher accuracy in regions of higher velocity gradients

 HTDP will automatically choose the most accurate grid for the point in question

Longitude range | Latitude range | Cell spacing Grid Region
(minutes) | dimensions

125° to 100°W 31°-49°N 15 101 x 73 Entire region

125° to 122°W 40°-49°N 3.75 49 x 145 Pacific NW

125° to 119°W 36°-40°N 3.75 97 x 65 Northern CA

121° to 114°W 31°-36°N 3.75 113 x 81 Southern CA




Interpolating a Grid of Velocities
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Horizontal Velocity Map
HTDP Version 3.0
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Test of Con US secular

velocity field

RMS residuals are 1.9 mm/yr for
the north and 1.7 mm/yr for the
east

Average residuals are nearly zero

Over 90% of the stations had a
combined residual of less than 3
mm/yr.

HTDP 2.9 has a RMS residuals
of 3.3 mm/yr for the north and
3.1 mm/yr for the east
component using the same data
set.

Introducing the new model of the
secular field produces a > 30%
Improvement



Horizontal Time-Dependent Positioning

(HTDP)

e Contains crustal motion models for CONUS

* Models address
- Continuous motion (plate tectonics)
- Episodic motion (earthquakes)

* \Web utility, source code, and user’s guide at
- http://www.ngs.noaa.gov
- Click on: geodetic tool kit
- Then click on: HTDP
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HTDP Applications

 Predict velocities

 Predict displacements

o Update positions

« Update observations

« Transform positions between reference frames
« Transform velocities between reference frames
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Homogenizing
B

Obs attime T i :
! Control Positions at time T,

Obs attime T,

Control Positions at time Tg

Obs at time T, HTDP

Obs and control positions at time T,

ADJUST

Positions for all stations at time T,




EPOCH DATE

... date for which published positional
coordinates are valid.

3 NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
8 National Ocean Service

National Geodetic Survey



Horizontal Time Dependent Positioning - Netscape

File Edt “iew Go Communicator Help

e 2 A DN e m o & B 3 N

Back Forward  Reload Home Search  Metzcape Frirt Security Shop S.h:up
W‘ " Bockmarks \g{. Location: Ihttp:.-".-"www.ngs.nu:uaa.gu:uv.-"TDEILS.-"Htu:lp.-"Htu:Ip_veIu:u:it_l,l.htmI j ﬁv What's Related

Free A0L & Unl Instant Meszage Internet |’_‘|'r Lookup |’_‘|'r M et Conol RealPlaver

Horizontal Time Dependent Positioning

PREDICTING VELOCITIES

Select how you wish to specify positions:

* Individual points entered interactively

* Points on a specified grid

* *B0* records in a specified Blue hook file. Explain

* Points on a specified line

= (== |Document: Done




- HTDP computations - Metzcape

File Edt “iew Go Communicator Help

I 4 2 3 4 - % & B 9 N.
Back Forward  Reload Home Search  Metzcape Frirt Security Shop Stom

T th Bookmark.z \g{. Lu:u:atiu:un:Ihttp:.-".-"www.ngs.nu:uaa.gu:uv.-"u:gi-l:uin.-"HTDF'.-"htu:Ip.prI?f'I =2%f2=1 j ﬁv"w’hat's Related

i Free A0L & Unl Instant Meszage Internet |’_‘|'r Lookup |’_‘|'r M et Conol RealPlaver

PREEDICTING VELOCITIES
ITRFE2
Specify the reference frame for the input values: [ITRFEY
ITRF30
[TRF91 |

Input the site's position etther i terms of lattude, longitude, and elipsoidal height or i terms of geocentric Cartestan coordinates -3 Y 2~ but not both, For
latitude (posttive north) and longitude (positive west), use the form degrees, minutes, and seconds and use etther comumas of spaces to separate the individual
values. The field for seconds must include a decimal point. To denote negative values, use negative degrees, minutes, and seconds.

Walid examples for latitude are:

37,34,35.67

37 34 35.87

-37 -34 -35.67 denctes a pomnt m the southern hermsphere.
Walues for elipsoidal height or for 3, ¥, and 2 must be specified in meters and must be entered with a decimal point.

Select the type of coordinates to he entered:
& Latitude, Longitude, Height © 30 Y, Z

Latitude or 3T |36 40 11.28

Longitude or T: [121 46 19.92

Height or 2 ||:| .0

Station Mame (optional): |BETA

Submmit Query | Clear Form |
= (== |Document: Done

-l




HTDP Output

HTDP (wversion 2.6)

QUTPUT

VELOCITIEZ IN MM/YR RELATIVE ToO NAD 83

L
L
E
it
T
&

BEETA
ATITUODE = J6 40 11.23000 N
CNEITODE = 121 46 19.9Z000 W
LLIPS5. HT. = O.000 m

= —-Z696934.316 1
= —43544Z6.654 m
= 37858064.740 m

NORTH VELOCITY
EasT VELOCZITY
OF VELOQCITY
Z VELOQCITY
T WELOCITY
& WELOCITY

35,
= —27.
. ag
e
.80
a8,

-1z
dz

20
=E=)

=1H

rtn, yr
rtn, yr
rrn, W
rrn W
rtn, yr
rtn, yr



PREDICTING DISPLACEMENTS BETWEEN TWO DATES

ITRF&S

specify the reference frame for the input values: [[TRFS3
ITRFS0
ITRF21 =]

Dates must be expressed as a numerical month (between 1 and 12), a numernical day of the month, and a four character nur
vear may be separated by spaces or by commas.

Walid examples are:

5,4,1998 for IMay 4, 19598

5 4 1995 for May 4, 19598

The htdp models are not valid for dates before 1207 (the San Francisco earthaquake).

specify the first date: |1 1 1985

Specify the second date: |1 1 1935

Input the site's posttion either i terms of latitude, longtude, and ellipsoidal heiyght or in terms of geocentric Cartesian coordin
latitude (posttive notth) and longitude (posttive west), use the form degrees, minutes, and seconds and use etther commas or
values. The field for seconds must include a decimal point. To denote negative walues, use negative degrees, minutes, and se

Walid examples for latitude are:

37,34,35.67

37 34 35.67

-37 -34 -35.67 denotes a pomt in the southern hemisphere.

Walues for e]]1psc:-1dal hE:J,ght of for 2, ¥, and £ must be specified in meters and must be entered with a decitnal point.

TYULIVI WL UV ULUIY Ul Ve y

Positioning America for the Future



select the type of coordinates to he entered:
@ Latitude, Longitude, Height © 2, T, Z

Latitude or 30 |36 40 11.28

Longitude or ¥ |121 46 19.92

Height or 2 0.

otation Natne (optional): |[BETA

select how the required velocity (relative to the input frame) is to he entered:

& Tlze the velocity predicted by this program (ignore the mput boxes below)

' Speciy the veloctty in terms of north-east-up components (use the mput boxes below)
' Speciy the veloctty in terms of global 3-Y-Z components (use the mput boxes below)

Tlorth or 20 (mrnfyr:

East or ¥ (rotmiywr):

U or Z (rorafyr):

submit Query | Clear Form




HTDP Output

HTDFP (wersion Z.6) OQUTPUOT

DISPLACEMENTS IN METERS EELATIVE TO NAD 53
FEOM 01-01-1935 TO 01-01-1995 (month-day-year)

MNAME OF 35ITE LATITUDE LONGITODE NORTH EAST
BEETA 36 40 11.25000 W 121 46 12.9z2000 1 0.433 -0.z2785

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
National Ocean Service

National Geodetic Survey



Why the discrepancy?

B
Northward velocity = 35.90 mm/yr

Cumulative continuous motion over 10 years = 0.359 meters
Displacement over 10 years = 0.433 meters

0.433 - 0.359 = 0.074 meters

Loma Prieta earthquake Mw=7.1 10/18/1989
Lat=37.08028 Lon=121.86667

s
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Use of HTDP and OPUS

The ITRF coordinates for the CORS are updated to the midpoint
of the time interval when the submitted data were observed using
the CORS velocity which is never zero.

The ITRF baseline components, given at the midpoint of the data
time interval, are individually transformed to the NAD 83
reference frame.

The NAD83 coordinates the three CORS stations come from the
NGS IDB database. These are also updated to the midpoint of the
Interval, applying the NAD 83 velocities

Baselines and CORS NAD 83 coordinates are added to determine
values of the coordinates of the unknown point on NAD 83.

Finally, these coordinates are then transformed in time to the
reference epoch date of January 1, 2002 in NC by using the NAD
83 velocity for the point as predicted by the HTDP (Horizontal
Time-Dependent Positioning) software.



Coordinates
e

EF FRAME: NAD_83(CORS96)(EPOCH:2002.0000) RFOO (EPOCH:2007.1746

X: 1094963.312(m) 0.007(m) 1094962.619(m) 0.007(m

Y: -5182924 .578(m) 0.022(m) -5182923.074(m) 0.022(m]

Z: 3540353.836(m) 0.005(m 3540353.680(m) 0.005(m]

LAT: 33 56 2.25937 0.009(m) 33 56 2.28442 0.009(m

E LON:281 55 44.76919 0.010(m)281 55 44.75489 0.010(m
W LON: 78 4 15.23081 0.010(m) 78 4 15.24511 0.010(m]
EL HGT: -31.396(m) 0.019(m) -32.822(m) 0.019(m

ORTHO HGT: 5.587(m) 0.031(m) [Geoi1d03 NAVD8S8]

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
National Ocean Service

National Geodetic Survey




Future Enhancements of HTDP
e

e Improve the model of Alaska
* Provide error estimates for predicted motion

« Address non-constant velocities (seasonal
variations, post-earthquake acceleration,
silent earthquakes)

e Address vertical motion

AT

b,
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'9‘*&%%&&#; National Geodetic Survey




4500
4000
3500
3000

>

including PBOS solution
e * An extra 13 mo of data
gyseu-szzszsanso#:Anextra 366 vectors (1161

Frequency

6000

5000

4000

3000

2000

1000

Updating HTDP for new PBO solutions

 New inversion of GPS data

North difference mm/yr

vs. 795 for PBO7

e Used 78% of observations

mmmmmmmmmmmmmmmm

HHHHH

East difference mm/yr

rather than 55% for PBQOY

North East

Max 1.81 4.47
Min -6.36 -4.78
Mean 0.06 0.03
St Dev 0.14 0.13




New Vs.
old

e The
Inversion
Including
s 535 07 R o UT g g PBOS8 looks
more
reasonable

-00s 0.7 0.4%9 -8.2 -1211 -1a1

) ¢ ¢ *-8.15 *-12.3?*-15.59 & & &

-0.07 0.23 029 2751 9309 -23 88

> L 2 L 4 2744 2382 2417
- . . & & &



Question 1

* How often is the national CORS velocity
model updated

— HTDP 3.0 does not include velocity estimates
of the CORS because these had not been
determined since 2002. The Positions and
velocities of the CORS are being re-determined
now and a new version of HTDP which
Included these will be released in 2010

S ey
w NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION AR
3 ©  National Ocean Service 2

‘>  National Geodetic Survey .
o Positioning America for the Future



Question 2

B
e Are the UNAVCO PBO west coast CORS

velocities part of the current model and included In

NSRS2007

— HTDP3.0 includes the PBO7 solution which was released in mid
2007. The NSRS2007 adjustment however was done using
HTDP2.9 which used an older model of the secular field

— As far as the more recent PBO solutions are concerned, | did
another inversion using the PBO8 solution (October 2008). This
was not released because the changes were too small. | am
working on incorporating the PBO9 solution now and | hope that
thls Will be released with the next version of HT/Dj\

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
National Ocean Service
Mw National Geodetic Survey

Positioning Amerlca for the Future



Question 3
B

« Are OPUS versions updated to correspond
with HTDP updates

— OPUS uses the most current of HTDP that has
been adopted by NGS.

R "“ﬂtgb
f“w 3 NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
§- National Ocean Service

National Geodetic Surve SURvEg
y Positioning America for the Future



Question 4
B

» \What percentage of input horizontal velocity data Is
estimated or interpolated vs measured
— All of the constraints to our DEFNODE model were

measured velocities except for the geologically
determined slip rates etc.

— This Is used to generate a series of grid files and the
velocities which you get from HTDP are bi-linear
Interpolations from these

1 NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION .
z ' -
©  National Ocean Service = 5

National Geodetic Survey

Positioning America for the Future



Question 5

 \Would It be appropriate to have a menue
choice of HTDP versions when using OPUS

particularly for different regions of the
country

— There are no plans for this. OPUS just uses the
most current version of HTDP and this
represents are best estimate of deformation in
the western US.

,I“i-' .
ﬂ‘wﬂ NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
g § National Ocean Service

B < National Geodetic Survey




| Paniriue SFifs - Aussuimand ol 708,

uestion 6
e \Was HTDP used t0 update CORS coor oty $ook

to the NSRS2007 adjustment

— Yes but it was HTDP 2.9 not 3.0 because that was the
most current available at the time.

e \WWhy was there such a shift in west coast CORS
positions as reflected in the picture below

— The picture shows the shift in the static points not the
CORS. The CORS did not change due to the NSRS2007
adjustment, they were control. The large shift in the west
In static network points reflects the fact that the western
states had early HARN adjustments combined with the
fact that our models of crustal deformation in the 1990’s
were not perfect.



Question 7
I

« \What are plans for a vertical time dependent
displacement program

— We haven’t been able to make a vertical model
because there are insufficient well determined
velocities till recently. NGS plans to add this
capability to HTDP, producing TDP after the
completion of the multi year solution

. NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
:  National Ocean Service
‘ National Geodetic Survey




New Alaska data for HTDP, v 3.0
Includes dislocation model for the 2002 Denali earthquake
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Horizontal Displacement
Associated with the 7.9 Magnitude
Denali Earthguake
November 3, 2002
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Source: Elliott, J. L., Freymueller J. T., and Rabus B. (2007), Coseismic deformation of the 2002 Denali fault earthquake:
Contributions from synthetic aperture radar range offsets, J. Geophys. Res., 112, B06421, doi:10.1029/2006JB004428.



Earthquakes in Alaska

e Red symbols show
earthquakes included in

-oHTDP, Blue symbols
are earthquakes
occurring since 1990
that are not included.

e 69 earthquakes with
goMagnitude greater than
6 not included in HTDP

5 earthquakes with
magnitude greater than
507 are not included

— 3 since 1999

190" 200° 2100 220" 230°




Alaska secular field

* The Alaska secular field model has not been updated
for over 10 years

e Testing vs. recent GPS derived velocity

measurements (Freymueller et al 2008) reveals that
significant errors exist.

e Unlike the CONUS section of our model, our model
of the secular field was not upgraded with the
release of HTDP3.0

. Active Deformation Processes in Alaska, Based on 15 Years of GPS Measurements Freymueller J. T. , Woodard H, Cohen S. C. ,Cross
R, Julie Elliott J, Christopher F. Larsen C. F., Hreinsdéttir S, Zweck C.


ftp://gps.alaska.edu/pub/users/jeff/Chapman_paper/�

Test of Alaska secular

field

30 mm/yr

60"

Distribution of test points

200° 210°

220°

Residuals :Scale bar above is 50 mm/yr

220°
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Horizontal Time Dependent Positioning

PREDICTING DISPLACEMENTS BETWEEN TWO DATES

ITRFE5

Specify the reference frame for the input values: |ITRFS2
ITRFZ0
ITRF91 =]

Dates must be expressed as a numerical month (between 1 and 120, a munerical day of the month, and a four character numenical yvear. The month, day, and year
may be separated by spaces or by commas.

Walid examples are:

5,4,1998 for May 4, 1995

5 4 1998 for May 4, 1998

The htdp models are not valid for dates before 1907 (the San Francisco earthouake).

Specify the first date: |1|:| 15 1959

specify the second date: |1|:| 18 1959

Input the site's position etther in terms of latitude, longitude, and elipsoidal height or i terms of geocentne Cartesian coordinates -3, Y, 2Z- but not both, For latinde
{posttve north) and longtude (positive west), use the form degrees, minutes, and seconds and use etther commas or spaces to separate the mdmndual values. The
field for seconds must include a decimal point. To denote negative values, use negative degrees, minutes, and seconds.

Wald examples for latitude are;
37,34,35.67
37 34 35.67
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HTDP Output

HTDFP (wersion 2.6) QUTRPUT

DISPLACEMENTS IN METERS RELATIVE ToO MNAD &3
FEOM 10-16-1923%9 TO 10-153-1939 (month-day-year)

NAME OF 3ITE LATITUODE LONGITUDE NORTH
BEETA 36 40 11.23000 W 121 46 19.3=2000 W 0.074

NS HOME FAGE

@ =il=| \Docurment: Done
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Horizontal Time Dependent Positioning

UPDATING POSITIONS AND/OR OBSERVATIONS TO A SPECIFIED DATE

Select option:

Update positions for individual points entered interactively.

Update positions for hlue hook stations.. Explain

Update values for blue hook ohservations.. Explain

Update hoth the positions for hlue hook stations and the values for blue hook observations. . Explain

E |="|IP= | |D|:u:ument: Dane
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Horizontal Time Dependent Positioning

UFDATING POSITIONS AND/OR OBSERVATIONS TO A SPECIFIED DATE

ITRFE5

Specify the reference frame for the input values: |[TRFE2
ITRFS0
[TRF91 hd

Dates must be expressed as a mumenical month (between 1 and 120, a numencal day of the month, and a four character numerical vear. The month, day,
and year may be separated by spaces or by commas.

Walid examples are:

5,4, 1998 for Way 4, 1998

5 4 1998 for May 4, 1998

The htdp models are not valid for dates before 1907 (the San Francisco eartheualee).

Specify the epoch date of the
input position:

Specify the epoch date of the
output position:

IlD 16 z002Z

|7 1 1998

Input the site's position either in termns of latitude, longtude, and ellipsoidal height or in terms of geocentnc Cartesian coordinates -30 Y _Z- but not both, For
latitude (positive north) and longiude (posttive west), use the form degrees, minutes, and seconds and use either comtnas of spaces to separate the mdrridual
values. The field for seconds must include a decinal point. To denote negative values, use negative degrees, minutes, and seconds.
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select the type of coordinates to he entered:
@ Latitude, Longitude, Height © 3, T, 2

Latityde or 20 |33 34 41.65651

Longitude or ¥ |117 03 52.50676

Height or £ [470.798

Station Mame (optional): |LAKE SEINNER CORS

Select how the required velocity (relative to the input frame) is to he entered:

" Tlze the velocity predicted by this program (ignore the mput bozes below)

& Specify the velocity in terms of north-east-up components (use the input boxes below)
' Specify the velocity in terms of global 3-Y-Z components (use the mput bozes below)

Morth or X (mmfyr): |24.8

East or ¥ (fenfyr): |-21.0

T or Z (tmiyr): |-0.6

[

[
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= == \Docurment: Done

=)
HTDP Output
HTDFP (wer=ion 2.6) OQUTPUT
UPDATED POIITIONZ IN NAD 53
FEOM 10-16-2002 TO 7-01-1995 (month-day-vyear)
OLD COORDINATE HNEW COORDINATE DISPLACEMENT
LAEKE SEINNEE CORS
LATITUDE 33 34 41.65651 N 33 34 41.652Z266 N -0.119 m north
LONGITUDE 117 03 S52.50676 W 117 03 52.50344 W 0.056 m east
ELLIF. HT. 470.7398 470.797 -0.001 m up
X -2420419.752 -2420419.735 0.047 m e
T —-3737132.9558 —4737133.054 -0.026 m
Z 3507827 .603 3507827.503 -0.099 m
o :j
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Horizontal Time Dependent Positioning

TRANSFORMING POSITIONS BETWEEN
REFERENCE FRAMES

Select how you wish to specify positions:

* Tndividual points entered imteractively

* *B0* records in a specified Elue hool; file. Fxplain
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Horizontal Time Dependent Positioning

TRANSFORMING POSITIONS BETWEEN REFERENCE FRAMES

[TRFS4 (ITRF 96 wil be used) o]

Sspecify the reference ||TRFoG specify the reference [|TRFE3

frame for the input ITRFS7 frame for the output |ITRF2Y

values: values: ITRFS0 —
WiES 72 x| ITRF91 =

Dates must be expressed as a numerical month (between 1 and 12), a numencal day of the month, and a four character numencal year. The
month, day, and year may be separated by spaces or by commas.

Wald examples are:

5,4, 1998 for May 4, 1998

5 4 1995 for May 4, 1998

The htdp models are not valid for dates before 1907 (the San Francisco earthqualee).

Sspecify the epoch date of the
input position:

specify the epoch date of the
output position:

IlD 16 2002

|7 1 1998

= (== \Document: Done
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~elect the type of coordinates to he entered:
" Latitude, Longitude, Height ® 30 ¥, Z

Latitude or 3 |—2 4z0420.289

Longitude or T |—4?3713 1.741

Height or Z: [3507827.536

Station Mame (optional): |LAKE SKINNER CORS

Select how the required velocity (relative to the input frame) is to he entered:

& Tlze the weloctty predicted by this program (ignore the mput boxes below)

' Specify the veloctty n terms of north-east-up components (use the mput boxes below)
' Specify the veloctty in terms of global 3X-7-Z components (use the mput bozes below)

otth or X (mrfyr): |

East or ¥ (v |

T or Z (mmiyr):

aubmit Cluery | Clear Form
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HTDP Output
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HTDF (wersion 2.6) QUTPUT

= == \Document: Done

TEANIFORMING POSITICNS FROM ITRFOO (EPOCH = 10-16-zZ002)
TO NAD 83 [(EPQCH = 07-01-129355)
INFUT COORDINATES QUTPUOT COORDINATES

LAKE SEINMEE CORS
LATITUODE 33 34 41.67001 N 33 34 41.65082 N
LONGITUDE 117 03 52.54572 W 117 03 52.49630 W
ELLIF. HT. 470.050 370,794 m
X -24204Z0.2589 -2420419.554 m
T -4737131.741 -4737133.1649 m
Z 3507327 .536 3507327 .45 mw
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Horizontal Time Dependent Positioning

TRANSFORMING VELOCITIES EETWEEN REFERENCE FRAMES =

Specify the [ 7TRrog =] Specify the
reference ITRF37 reference ITRF&ES
frame for | frame for |TRFES
the input WES T2 | the output  |ITRFE0
values: WWGS_B4{original) (NAD_B3 will be used) =] values: ITRF31 |

Input the site's position ether in terms of lattude, longitude, and elipsoidal height or i terms of geocentric Cartestan
coordinates -3, ¥ 7- but not both, For latitude (positive north) and longiide (posthve west), use the form degrees,
minutes, and seconds and use either cotnmas or spaces to separate the individual walues. The field for seconds must include ]

= == \Document: Done o
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select the type of coordinates to he entered:
@ Latitude, Longitude, Height © 3 ¥, Z

Latitude or 20 |33 34 41.87001

Longitude or ¥ |117 03 52.54571

Height or Z: [470.050

Station Mame (optional): |LAKE SKINNER CORS

select how the required velocity is to be entered:
@ Specty the ve locity i terms of north-east-up components (use the mput boxes below)

' Specify the weloctty in terms of global 2-Y-Z components (use the input boxes below)

Morth or 2 (mmfyr): [12.1

East or ¥ (rnfyr): |-34.2

T or Z (romfyr): (0.0

ISuhmitGuew | Clear Formm
4
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HTDP Output
HTDP (wersion 2.6) OQUTPUT
TREANSFORMING WVELOCITIES FROM ITRFOO TO WNAD 83
INPUT VELOCITIES OUTRPUT VELOCITIES
LAKE SEIMNMEER CORS
northward wvelocoity 12.10 24 .80 mmw/ vr
eastward wveloclty -34.:20 —-20.99 mm/ vr =
upward wvelocity o.0on0 -0.61 mwmn'yr
* welocity -27.41 -12 .22 rm/ vr
v welooity 21.52 22.21 mS wr
g wvelocity 10.08 20.32 i/ yvr
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Significance of the vertical
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