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Seasonal degree-one deformation related to loading effects are 
a source of significant misfit between observed site coordinates 
and assumed positions that are based on a linear center of 
surface figure (CF) reference frame. This discrepancy is partly 
absorbed by apparent annual variations in the GPS "scale" 
parameter which, in turn, spreads annual deformation artifacts 
to sites elsewhere on the Earth's surface. In the presence of 
degree-one deformation, a suitable reference frame model 
should allow for non-linear site motion. The Center of Lateral 
Figure (CL) reference frame is one possible solution. With the 
CL model, station motions are constrained to move with constant 
horizontal velocities, and the vertical velocities are unconstrained. 
This confines degree-one deformation to the unconstrained 
vertical component. A CL reference frame model is demonstrated 
here using the results of a GIPSY/OASIS II fiducial-free analysis 
of over 700 globally distributed GPS sites. The reference frame 
model utilizes only the horizontal component of site positions and 
a GPS "scale" parameter is not included. 
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GPS Analysis and Reference Frame

Approximately 800 GPS stations were analysed using GIPSY
OASIS II software with JPL fiducial-free orbits and clocks.
Ambiguity resolution was applied to the point-positioned
daily solutions in 70 subnetworks and the network solutions
were then combined to produce daily GPS positions in a 
common fiducial-free coordinate system.  58 sites shown in
the figure above were selected for the reference frame.  A
Center of Lateral Figure (CL) reference frame model was 
chosen so that annual vertical motion due to degree-1 
deformation would be confined to the vertical component.
Briefly, only horizontal observations were utilized in determining
the transformation parameters and the "scale" parameter was
ignored.  Otherwise, three translation and three rotation
parameters were determined that best fit the daily observed
horizontal positions with the linear reference frame velocity
model.  The bottom line is that vertical motion is "free" to move
and does not enter into (or distort) the realization of the 
reference frame.

No further adjustments were done beyond the realization of the
global CL reference frame.  In other words, no local stabilization
procdures were used.  Here, we step directly to an analysis
of the vertical signal for GPS sites on North America and 
determine a "stable" set of GPS sites on North America.  



ARP3

HOUS
BEA5

SPMX

CIC1CICE

PLO3 IID2
SIO3SPW2MONPSCIP USGCCRRSMVFD

SNI1
SLMSPMOBDHLGSCMSCAT1 AZRY

COSA
BILL BLYTROCHPIN2PIN1TRAKFVPKESRWHNPS

VTIS COTDDSSCSACYPVEPPVRSPVHSLBCHLBC2TORPPSAPCRHSLBC1PPBFMATHCSDHCCCSCCCOECCOPMHSSGPSMLFPHOLPSNHSLASCWIDCDYHSMHMSWRHSBKMSBMRYBGISNOPKWHC1SPMSRHCLDSHSUSC1LPHSELSCVYASCRFPSPK1WCHSUCLPFXHSCVHSSGHSRTHSPSDMLFRSEWPPCLARLONGCTMSAZU1LORSLEEPCIT1CBHS
OAES

AOA1
IMPS

LAPCBRANGHRPJPLMWLSNMSOB0OCKTOST
BMHL
CSN1WMAPMUSD

BBRYLDES
VNCXMPWDCJMSOVLSOAT2CHILDAM1DAM2CMP9
OPCPOPBLTABL

UCSBDVPBOPCLOPCXHOLCAVRY
HARV

VNPSNBPS
FHFF

OPRD
VNDP

LLASAGMTSCIASIBE
QHTPCHMSRDMTLINJWOMT

FMC2

LDSW
LVMSORES

HCMNHIVI GMRC
FZHSVAN1

TROYRSTPBSRYPHLB FERN
GOLDGOL2

ISLK
CARRLANDPOMMMIDACANDPKDB

SHOSCOSO ARGUROGERYANAPEXSMYC
0IND

PIGT

JOHNPOINMERCSTRIRELASKULBUSTLITTCHLO
SAOB

CRATREPOPERLBULLTATETIVA
FRED

BEAT

SODB
MUSB

PPT1LUTZMHCB

ALAM

SUAAMONB
LINCMWTPCASA

HVLK

WINT
MINSKNOL

S300
RDOM

FARB
KRAK

CHAB
DYERJNPR

SFBSPBL1DIABTIBBCNDR

ECHO

BRIBMOLANUNEPTRB
CMBB

TONO

POTB

RAIL

UCD1 GABB

HOPB

MONI
CAST

SUTBSLID
EGANFOOTSMEL

CHO1ORVB
UPSA0EWP

QUIN
MINE

LMUT

TUNGLEWI
GARL

CME1
SHK1

HEBE

SHIN
RUBYGOSHCOON0EDARBUT

ELKO
NAIU

TRND

EOUT

YBHB
PTSG

SHLDMODB
AHID

BURN

CASP

CABLDDSN

GTRG
HLID SAG1IDTD

HUSBREDM

LKWY

NEWPCORV

MAWY

CHZZ GWENGOBS
KELSFTS1TPW2JRO1

CPXFSC00
SATS

LIND
TWHL

PABHRPT1PUPU
SPN1

KTBWSEAT

PLS1

SEAWDWH1LKCPBLYN
BREW

NEAH
WHD1ALBHSEDRSC02

UCLU
CHWK

NANO

DRAO

NTKA
ELIZ

WSLR

BCOV
HOLB WILL

AIS1

BIS1

GUS2

WHIT

AA

GRNR
CLGOFAIR

CENA

LOU1

MLF1

DRV1CHR1

GREY = unused in frame

SOL1

BLWY

PIE1

BIL1

AZCN

PASO
WSMN

MBWW

DSRC
PLTC

AMC2

MDO1

TCUN

WHN1

ODS5

GDAC

FLIN

AML5

LUBB

MRRN

JTNT

RWDN

VCIO

ANTO

CLK1

NLGN

AUS5

PRCO

LMNO

CORC

FBYN

HBRK

WINN

ARL5

OMH1

DUBO

HKLO

PATT

NDSK

WDLM

KAN1

LKHU

SAL1

GAL1

DQUA

LTHM

CHUR

WNFL

CNWM

CJTR

WIS1

NLIB

VIC1

BLRW

MACC

RIS1

BLMM

ENG1

STLE
PTGV

NDBC

RLAP

OKOM

KEW1

MOB1

MIL1

STB1

WLCI

HTV1

WHP1

ERLA
GALB

CHB1 PCK1

DET1

ASHV

SAV1

COLA

CCV3

BLKV

AOML
MIA3

MIA1

CHA1

PIT1

YOU1

ALGO

PSU1

STRL

RIC1

GAIT

USNO

GODE

GLPT

USNA

HNPT

SYCN

WIL1

DUCK

VIMS

NRC1

NRC2

RED1
DNRC

WLPS

CHL1

VCAP

MNP1

WES2

NPRI

BARN

POR2POR4

CHT1

BRU1

BARH
EPRT

SCH2

BRMU

STJO

KELY

KULU

YELL

PRDS

NOMT

SLAI

WNCI

MEM2

NEB3

MOR1

THU1

PNB1

RED = reference frame site
5 mm/a

200

220

240

240

260 280

280
300 32

0
40

40

60

Velocities in a Global CL Reference Frame
Plotted Relative to Stable North America

The 133 sites that were used to define North America motion are 
shown in RED.  Other sites are shown in GREY.  Velocities shown are 
from a global analysis that has been transformed into a Center of 
Lateral Figure (CL) reference frame using a globally-distributed set of 
reference sites.  Motion of North America as a whole is estimated  
from velocites of 133 reference sites (shown in red).  Velocites shown 
here are residuals after removal of modeled North America plate motion.
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Residual Velocities at Sites Used to
Define North America Motion

A total of 133 GPS sites within North America were selected to define 
plate motion of the "stable" portion of the continent.  The primary 
criteria were 1) more than 2 years of observations and 2) motion in 
agreement (within 2 mm/year) with the model velocity.  An iterative 
approach was used in selecting stations and solving NA motion.  If 
we assume that the standard deviation of the residuals (0.7 mm/a 
longitude, 0.9 mm/a latitude) reflects the actual precision of GPS 
velocity measurements on a continental scale, then the 1-sigma 
uncertainties in the NA pole of rotation estimates are approximately 
±1 degree latitude, ±0.3 degree longitude, and ±0.002 in angular rate.
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Seasonal Variation in Vertical Component
Date of annual maximum and minimum

Maximum downward displacements (top panel) in North America
occur during spring months.  In general, maximums in the south
are earlier than the north by about 6 weeks.  Upward displacements
peak between early August and December (bottom panel), with
sites located in the Northwest delayed relative to the south by about
nine weeks.  Values derived from global solution in CL reference frame.
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Velocities in a Global CL Reference Frame
Relative to Stable NA Defined by 133 Sites




