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Overview

AContributions from different Geodetic techniques to achieve in
scientific insights about the Earth.

Alssues to be addressed:
Almpacts of range biases
ARevisit multi-color ranging and combination of methods
A Geodetic monument stability
AScale between SLR and VLBI
AGeocenter from SLR and GNSS (frame translation versus deformation signal)
ANon-secular motions: Targets for geodetic studies.

AScience and SLR directions



Geodetic noise: Limits the possible science

ANoise in geodetic systems falls into 3 classes:

AlInstrumentation noisec With good engineering this noise source can be
reduced (at a cost) to very small values. Failure to understand instrument
noise can lead to udiagnosed errors.

AEnvironmental noise In this category is propagation medium delays and
satellite orbit perturbations. This class of noise can be modeled (atmospheric
delay models), calibrated (e.g., dual frequency microwave systems), or
estimated (atmospheric delay parameterlzatlon or empirical orbit model
parameters).

AEart_h noiseg The surface of the earth is not a deterministic system (e.g.,
loading effectsporo-elastic deformations, site instabilities)

AWe will explore each of these topics



Addressing geodetic noise

AHow to we address each of the noise sources?

Alnstrumental noise Better engineering but it comes at a cost (dollars type)
and how to handle mixed systems.

AEnvironmental noise Better models and sources of data for the models;
better parameterizations of models. Better observing strategies (obvious for
VLBI, more channels for GNSS, maybe satellite observation planning for SLR).

AEarth noise This is the scientifically interesting area. What can we learn from
the nonsecular motions of the Earth? Some examples:

A Hydrology from surface deformations both loading armfo-elastic
A Episodic tremor and slip (ETS) and implications about earthquake nucleation processes.



Instrumental and Environmental noise



Range bias impacts

AProblem arises from bias, height estimatsirfe) and atmospheric
delays (~1/sire) whereeis elevation angles, being correlated.

AFor high elevation angle+2 all these partial derivatives are near
unity and the deviation from 1 for the height and atmospheric delay
goes as [ /2-e)°

AApproximate behavior of systems can be assessed with simple models
of uniform elevation angle coverage betweer?@md a minimum
elevation.

AExample:Atmospheric delay error impact with no atmospheric delay
estimated with and without bias estimated which illustrates
Important characteristics.



Bias estimation impact

AFigure shows impact of 10 mm so
zenith delay error when
atmospheric delay corrections
are not estimated and when a
bias Is or Is not estimated.

AThe change in sign for the
atmospheric effect is a
common feature.
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Problems with delay models

AExample of skewed
position residuals

Aln and near
mountainous regions LeeWaves
Lee waves can generate -
large position errors.

A(Originally studied for
SLR applications).

AGPS example

ATroposphere Component = 0 ATroposphere Component > 0
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Multi-color ranging and combination of
methods

AWavelength dependence (Owens, Optical refractive index ofApp.
Opt., § 51:59, 1967).

AP,, P, are dry and wet pressurebRg, T temperature (K)/
wavelength(nm).

Pd -1 Pw -1
N — kl(l)TZd +k2(K)?ZW

) 9
k(L) = 164.63860 2280185 + 7“2 ) + 47720037502 % }‘2 )
(238.0185 — A72) (57.362 — 172

k,(A) = 0.648731 + 0.017417417° + 3.55750x10"A™* + 6.1957x107°A~°
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Impact of water vapor
ADual color approach\(d'YAGdoubIe/tripIe/quad)

Wavelengths Wet Delay | Wet Error
(mm) (mm) (mm)
1. 024/0 512 20.7 -19.7 -7.9

0. 512/0 256 5.0 -4.0 3.5 -20.8

ATri-color approach

Wavelengthsgm) | H, | H, | __H.
1.024/0.512/0.256 |IEEEE -34.89 2.47

46.56 -59.72 14.16
Water vapor is 100% humidity forkin layer with 300K surface

temperature (213 mm microwave delay)
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Geodetic monument stability: Analysis
Methods

AThe analyses here will concentrate on sRoaseline processing. Site
separations are less than 50 m.

AFor these lengths compare L1+L2 phase solution with ionospheric free

phase (LC):
AFor GPS: PC = 2.5¢1L5 P2 Range equation
A LC =2.5L42.0L2 Phase equation (resultin L1 cycles, 190 mm

wavelength)

ANoise amplification of ionosphere observable makes it useful for seeing
electrical effects at site (multipath and other frequency dependent errors).

ALC is observable used standard processing.
Aln these analyses, atmospheric delays are not estimated.



Environment: Local ground motions



P591+P811+P812 GPS sites

AThese sites are part of the UNAVCO
GAGE/PBO monument stability test that has
been running for about 1 year so.

AP591: Deep drilled braced monument; P811:

r?g%h cr:ineesrll%n, P812 short drilled brace%gllps . P565 (Central
. 2 (Southern California)
California)
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P811 Pillawrt P591 deep drilled braced monument
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P812 short drilled bracaart P591

Number in 3220, After sigma limit cut 3220, RMS 0.23 mm Shallow drilled braced P812; LC blue, L1+L2 black
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more stable until early
2017.
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P565 Central Valley: Standard processing
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VLBI/SLR comparisons



VLBI/SLR comparison

AColocation sites for time series and scale comparison

AThere are 25 VLBI/SLR sites within 10 km of each other. 17 pairs of
these halve VLBI and SLR velocities standard deviations <r (3m/
of these are 1 VLBI with 2 SLR stations).

AOnly 6 pairs have survey ties between the VLBI and SLR sites in the
ITRF2014 site tie files.

AProcessing here:
AILRSSLR4ATRF2014inexfiles (ends 2015.0)
AIVS onrgoing files in ITRF2014 systems (ends September 2018).
A Start 1996 to be consistent with GPS and avoid low quality early solutions



Analysis approach

ATwo types of solutions:

AdaSIkyé LIRaAriaAzy RAFFSNBYyOSa
AVelocity estimates VLBI and SLR separately
AApply survey ties to VLBI solution to generate SLR coordinates

ACompare VLBI SLR with SLR direct estimate

ANOTE: Velocities not forced to be equal and because additional ~3 years of
VLBI data, velocity differences affect results.

ATime series analyses

AProcess each session/week separately and align to ITRF2014 with rotation anc
translation. Heights down weighted in transformation estimation.

AUse mean height difference as scale difference estimate



Basics of Analysis Approach

AKalman filter processing

AVariance factors of 50 need to be applied for both SLR and VLBI
processing

AReference frame resolved by rotation and translation with heights
down weighted (variance factor of 10) in the computation of
transformation parameters.

AThis approach is different to ITRF2014 methods



Locations of VLBI/SLR sites <10 km apairt

highlights have
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Comparison: ITRF2014 Residual vs MIT

AResiduals fowettzellSLR 8834
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VLBI

A7224 VLBWettzell
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