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Overview

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

ÅIssues to be addressed:
ÅImpacts of range biases

ÅRe-visit multi-color ranging and combination of methods

ÅGeodetic monument stability

ÅScale between SLR and VLBI

ÅGeo-center from SLR and GNSS (frame translation versus deformation signal)

ÅNon-secular motions: Targets for geodetic studies.

ÅScience and SLR directions
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Geodetic noise: Limits the possible science

ÅNoise in geodetic systems falls into 3 classes:
ÅInstrumentation noise ςWith good engineering this noise source can be 

reduced (at a cost) to very small values.  Failure to understand instrument 
noise can lead to un-diagnosed errors.
ÅEnvironmental noise ςIn 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 parameterization or empirical orbit model 
parameters).
ÅEarth noiseςThe surface of the earth is not a deterministic system (e.g., 

loading effects, poro-elastic deformations, site instabilities)

ÅWe will explore each of these topics
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Addressing geodetic noise

ÅHow to we address each of the noise sources?
ÅInstrumental noise: Better engineering but it comes at a cost (dollars type) 

and how to handle mixed systems.

ÅEnvironmental 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).

ÅEarth noise: This is the scientifically interesting area.  What can we learn from 
the non-secular motions of the Earth?  Some examples: 
ÅHydrology from surface deformations both loading and poro-elastic

ÅEpisodic tremor and slip (ETS) and implications about earthquake nucleation processes.
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Instrumental and Environmental noise
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Range bias impacts

ÅProblem arises from bias, height estimate (-sin e) and atmospheric 
delays (~1/sin e) where eis elevation angles, being correlated.

ÅFor high elevation angles ~p/2 all these partial derivatives are near 
unity and the deviation from 1 for the height and atmospheric delay 
goes as  (p/2-e)2

ÅApproximate behavior of systems can be assessed with simple models 
of uniform elevation angle coverage between 90o and a minimum 
elevation.

ÅExample:Atmospheric delay error impact with no atmospheric delay 
estimated with and without bias estimated which illustrates 
important characteristics.
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Bias estimation impact

ÅFigure shows impact of 10 mm 
zenith delay error when 
atmospheric delay corrections 
are not estimated and when a 
bias is or is not estimated.

ÅThe change in sign for the 
atmospheric effect is a 
common feature. 

ÅImplications for common 
atmospheric errors on 
microwave and SLR systems 
(opposite sign).
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Problems with delay models

ÅExample of skewed 
position residuals

ÅIn and near 
mountainous regions 
Lee waves can generate 
large position errors.

Å(Originally studied for 
SLR applications).

ÅGPS example
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Multi-color ranging and combination of 
methods
ÅWavelength dependence (Owens, Optical refractive index of air, Appl. 

Opt., 6, 51-59, 1967).

ÅPd, Pw are dry and wet pressures (hPa), T temperature (K), l
wavelength (mm).
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Example 1.024/0.512/0.256 (mm)
ÅDelay at 300K, 

1013 hPA, 
100% Relative 
humidity

ÅMicrowave wet 
delay:
213 mm.
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Impact of water vapor
ÅDual color approach (Nd:YAG, double/triple/quad)

ÅTri-color approach

Water vapor is 100% humidity for 2-km layer with 300K surface 
temperature (213 mm microwave delay)

05 NOV 2018 IWLR 2018 Herring 11

Wavelengths 
(mm)

Fl1 Fl2 Wet Delay 
(mm)

Wet Error 
(mm)

1.024/0.512 20.7 -19.7 2.9 -7.9

0.512/0.256 5.0 -4.0 3.5 -20.8

Wavelengths (mm) Fl1 Fl2 Fl3

1.024/0.512/0.256 33.43 -34.89 2.47
1.024/0.512/0.341 46.56 -59.72 14.16



Geodetic monument stability: Analysis 
Methods
ÅThe analyses here will concentrate on short-baseline processing.  Site 

separations are less than 50 m.

ÅFor these lengths compare L1+L2 phase solution with ionospheric free 
phase (LC):
ÅFor GPS: PC = 2.5 P1 ς1.5 P2   Range equation
Å LC = 2.5 L1 ς2.0 L2    Phase equation (result in L1 cycles, 190 mm 

wavelength)

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

ÅLC is observable used standard processing.

ÅIn these analyses, atmospheric delays are not estimated.
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Environment: Local ground motions
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P591+P811+P812 GPS sites 
ÅThese sites are part of the UNAVCO 

GAGE/PBO monument stability test that has 
been running for about 1 year so. 

ÅP591: Deep drilled braced monument; P811: 
Pillar design; P812 short drilled braced 
monument.
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P591/P811/P81
2 (Southern 
California)

P565 (Central 
California)



P811 Pillar wrt P591 deep drilled braced monument
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Pillar is unstable at 1 
mm level; physical 
motion implied similar 
L1+L2 and LC changes.
Rapid change at times 
of rain. 

Offset between L1+L2 
and LC have been 
removed suggesting 
antenna element 
centering problem.
DNEU 2.7, -1.5, -2.1 
mm
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P812 short drilled braced wrt P591
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Short drilled braced is 
more stable until early 
2017. 

Annual signals in height 
between shallow and 
deep monuments is 
commonly seen 
(thermal expansion of 
upper layers).

Offsets between LC and 
L1+L2
DNEU -1.1, -0.4, -1.8 mm
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P565 Central Valley: Standard processing
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Results for standard 
UNAVCO GAGE project 
processing.  These are 
available on web.
Large motions are due 
to tectonics and ground 
water removal

Relative monument 
motion is small at this 
scale



VLBI/SLR comparisons
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VLBI/SLR comparison

ÅColocation sites for time series and scale comparison

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

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

ÅProcessing here:
ÅILRS SLRaITRF2014 sinexfiles (ends 2015.0)

ÅIVS on-going files in ITRF2014 systems  (ends September 2018).

ÅStart 1996 to be consistent with GPS and avoid low quality early solutions
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Analysis approach

ÅTwo types of solutions:

ÅάaŜŀƴέ Ǉƻǎƛǘƛƻƴ ŘƛŦŦŜǊŜƴŎŜǎ
ÅVelocity estimates VLBI and SLR separately
ÅApply survey ties to VLBI solution to generate SLR coordinates
ÅCompare VLBI­SLR with SLR direct estimate
ÅNOTE: Velocities not forced to be equal and because additional ~3 years of 

VLBI data, velocity differences affect results.

ÅTime series analyses
ÅProcess each session/week separately and align to ITRF2014 with rotation and 

translation.  Heights down weighted in transformation estimation.
ÅUse mean height difference as scale difference estimate
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Basics of Analysis Approach

ÅKalman filter processing

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

ÅReference frame resolved by rotation and translation with heights 
down weighted (variance factor of 10) in the computation of 
transformation parameters.
ÅThis approach is different to ITRF2014 methods
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Locations of VLBI/SLR sites <10 km apart

05 NOV 2018 IWLR 2018 Herring 24

ÅMap of sites.  Yellow
highlights have 
survey ties



Comparison: ITRF2014 Residual vs MIT
ÅResiduals for WettzellSLR 8834
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VLBI

Å7224 VLBI Wettzell


