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Bevis and Brown (2014) present an extended trajectory model (ETM) anflbstract: Several recent great earthquakes have produced regional to continental sized non-secular post-seismic deformation elds that are eaSifyure 4 shows the result of the LSC of the non-secular velocity compo-
demonstrate that its application to reference frame (RF) materializationresolvable with GPS, requiring further development of geodetic reference frame velocities to include these e ects. The 2010, (Mw 8.8) Maule, GRIR.of the CGPS sites. We called this model “Argentine Non-Linear Veloc
- - - i At it arthquake produced a measurable, non-secular, post-seismic signal within latitudes 28°S to 40°S extending from the Paci c to the Atlantic. Using : : : : :
can considerably reduce systematic errors in RF realization. In addtion -tS ntinuous GPS (CGPS) data from the Red Argentina de Monitoreo Satelital Continuo and Central Andes GPS Project, we t an extended trajector;{ ﬁgdg{eloudades_ Argentln.as No _|nealgs, VeI-Ar-NoITm). Using Vel-Ar-Na
. . . " =1 ETM) including secular South American plate velocity and boundary deformation, co-seismic discontinuity, and a non-secular, logarithmic posttseidRfidne data not included in the LSC (Figure 4, red circles), we calculatec
contains static osets to model equipment changes and CO-SEISMIG y.ansient produced by the earthquake in the Posiciones Geodésicas Argentinas 2007 (POSGARO7) reference frame. We used least squares| colldedfiigctory of CAP campaign and CGPS sites to validate Vel-Ar-NoLir
jumps, sinusoidal components to model observed cyclic displacements,(LSC) to model both the background secular inter-seismic and the non-secular post-seismic components of the ETM to predict movement of| pakiirgy the mis ts obtained from the model validation, we plotted the his-
and logarithmic transients to model non-secular after slip and visco-elas-geodetic benchmarks where continuous monitoring is not available. We tested the LSC model using campaign and CGPS data not used to generagdfgns on Figure 5. We found that Vel-Ar-NoLin accurately describes the
tic relaxation. The mathematical expression for the ETM is: model and found standard deviations (95% con dence level) for the north and east components of 3.8 mm and 5.5 mm, respectively, indicating atljigﬁ-secular velocity eld produced by the Maule earthquake.
model predicts the post-seismic deformation eld very well. Finally, we added a co-seismic displacement eld, estimated using an elastic nite element

n,+1 n;+l1 model. The nal, trajectory prediction model ties the post-earthquake coordinates to POSGARO7 within 5 cm for ~91% of the passive test benchmarks
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the secular velocities used in constant velocity models (CVM), their E’
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To describe the CGPS trajectories we usgd: A, since none of the time 7 i < 150k S S e . S S S
. : S . . L L L 3 ; ; ; ; ; ; ;
series display observable pre-seismic accelerations. Two frequencies, P 1 =) =) 5 .0 ; |
. . . A x v 3 100 R R R S ;
annual and semi-annual, are typically su cient to model the observed % /‘ 2 ; ;
. . . | = A 1 / | S S O
cyclic behavior and we used. = 2 for these components. Finally, for the 35 %/ N I >0 ; ;
i i ' : : } = f i i | | i i
logarithmic post-seismic transients from the 2010 Maule earthquake, we | - I A= - - A= - o o2 503 5 oo So1 0 ~o1 0o 5 0a Soa
applied a value of E 0.5 years for the relaxation time of all the CGPS time ’ t mastiml
: . : : North Vel Ar NoLin Log component (m) East Vel Ar NoLin Log component (m)
series. This Is di erent from the value ¥ 1 year proposed by Bevis and !

Figure 4: Least squares collocation model of the logarithmic transients. Blue triangles showigure 5: Histogram of model minus observation frequency and t to normal distribution for
the CGPS stations that have ~2 or more years of pre-earthquake data. White triangles shf@y north and (b) east components, for CAP and RAMSAC CGPS sites and CAP campaign s
CGPS that don't meet the condition to be included in the Vel-Ar-Lin estimation. Red circlegth multiple measurements used in the test. We note a slight tendency towards negative
show the test stations, which have multiple measurements, used to verify the quality of thealues. This tendency reveals the presence of a small systematic bias, probably due to the
Vel-Ar-Lin and Vel-Ar-NoLin models. Yellow circles are POSGAR benchmarks with only omgt of the logarithmic transient observed during the rst month after the earthquake.
measurement before and one after the earthquake. Contours of logarithmic transients evergevis and Brown (2012) showed that this mis t can be reduced by adjusting the value of the
i 0.025 m. Red dashed line shows the 2010 Maule earthquake rupture zone as de ned bglaxation time for each time series. For the precision and purposes of the model developed
aftershocks. here, however, these mis ts are negligible.

Brown (2014). In general, the logarithmic transient adjustment is relatively 40 -
Insensitive to the exact value of, &and we found that using ¥ 0.5 allowed

us to use single relaxation time for the whole network while providing a
good t for both the near and far eld post-seismic time series. Figure 1
shows an example of the ETM adjustment of RAMSAC station MZAC locat-
ed in the near eld of the Maule earthquake (Mendoza, Argentina)
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To successfully tie the pre- and post-seismic states of the RF, we used a nite element model (FEM) of the co-seismic displacements. By adding the ¢
mic displacement model to the secular and non-secular LSC models (Vel-Ar-Lin and Vel-Ar-NoLin), we obtain a trajectory prediction model (TPM), A
tine Velocities (Velocidades Argentinas, Vel-Ar). We tested the ability of the TPM to tie the pre- and post-seismic states of POSGARQ7 using the |
sites that were not used in the calculation of Vel-Ar (Figure 4, yellow lled circles). We compared the predicted post-seismic coordinate to the post-seis
measurement. The mis ts in the north and east components are shown in Figure 6, where we note that 38 of 60 sites (~63%) fall inside the 2.5 cm

17 (~28%) fall between 2.5 and 5 cm, and 5 (~8%) fall outside the 5 cm limit. Only one measurement falls outside the 10 cm limit (with a mist of 13.8
although we do not discard the possibility of a blunder in the measurement or processing of that site.

MZAC(38) (\{\| =0.0001 m \/E =0.0002 m \{J = 0.0004 m)

0.05

50 -

N M
T
. |
S
> \ y
\// /\ } \§ .
[ <_ \ \

0.05 | | L | | | | | |
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

95

This methodology can be used to update VEMOS by incorporating a logarithmic transient LSC model and a co-seismic displacement model. Upd:
VEMOS In this manner would allow it to predict the velocities of the SIRGAS RF in a non-linear-model (modelos no lineales, MoNoLIn), without hav

Figure 2: Least squares collocation of the secular inter-seismic velocities of the RAMSA : : o ,
CAP and IGS networks in POSGARO7 RF. Blue arrows show the CGPS stations used fOCP[y?eak the model into multiple, sequential, linear segments as proposed by Drewes and Sanchez (2014).

Interpolation. Red arrows show the 1 by 1 degree grid of interpolated velocities.

(a) POSGAR post seismic coordinates estimation mis ts
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| | . | | | | | | We then studied the post-seismic transient eld estimated from the ETM.
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We detrended the non-secular transients produced by the 2010 Maule 3 201
. . . _ . . 0.1+
earthquake using a spatial exponential taper. The stable sills observed in S
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Figure 1: ETM of RAI\/ISAC station MZAC. Co-, post and.lnte!r Selsmic components can ﬁ%‘e semi-variograms show that the non-secular velocities can be modeled I 10
observed. The vertical component also shows a cyclic signal. The north and east _ _ 0.05
components also have cyclic components that are not visible due to the scale of the2S & Stationary process (Figure 3). = 0 i i ' ' | |
co-seismic displacement. = o O Nertomis o4 01> Figure 6. Mist Dbetween the
| x10° __ North component semivariogran - East component semi-variogram s O (b) North mis t [m] post-seismic measurements of POSGAR

. L . . iy . | L | I z 30 | | | ! ! benchmarks. Green, yellow and red
The ETM provides an estimation of the inter-seismic velocities, which werevs} - RS S SNTRE  SNE SR 003k e . | L
_ _ _ _ o e 0.05 | 3 26 circles represent a mis t distance of 2.5
mterpolated usSing LSC to obtain the secular Ve|OC|ty eld. To apply LSC weizp o 00 """ o """""" e 0.025F RTINS NSNS T S 3 cm, 5 cm, 10 and 15 cm. Test sites are
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rst remove plate motions using the ITRF compatible, no-net-rotations % | e e 0.02b s T 01k 3 10 ?S)own_m Figure 4 by yellﬁw lled circles.
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