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The challenge to detect time series discontinuities
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 Satellite altimetry minus tide-gauge (SATTG) time series1

• Proxy for height changes

 GNSS height time series (NGL, Blewitt et al., 2016)

1ALES, PSMSL
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Aim:

 Simultaneous and automatic estimation of such time series 

components for different types of geodetic data

 Improved estimation of vertical land motion in SATTG and 

GNSS data
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 GNSS height time series (NGL, Blewitt et al., 2016)
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Aim:

 Simultaneous and automatic estimation of such time series 

components for different types of geodetic data

 Improved estimation of vertical land motion in SATTG and 

GNSS data

Examples of widely applied existing algorithms:

• Hector (Bos et al., 2013)

• No simultaneous estimation of components

• MIDAS (Bewitt et al., 2016)

• No estimation of trend changes

• Limited information of change points (e.g. 

uncertainty of positions and sizes of jumps)
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Component parametrization and prior distributions:

• Trends g(t) : 𝑘 + σ𝑗:𝑡>𝑠𝑗
ℎ𝑗 𝑘, ℎ ~𝒩(𝜇𝑘,ℎ , 𝜎𝑘,ℎ

2 )

• Offsets o(t): 𝑜 + σ𝑗:𝑡>𝑠𝑗
𝑝𝑗 𝑜, Ԧ𝑝 ~𝒩(𝜇𝑜, Ԧ𝑝, 𝜎𝑜, Ԧ𝑝

2 )

• Seasonal term: ~𝑚 𝑚 ~𝒩(𝜇𝑚 , 𝜎𝑚
2 )

• AR1 – noise: ~𝜑, 𝜖 𝜑, 𝜖~ 𝐻𝑎𝑙𝑓𝑁𝑜𝑟𝑚𝑎𝑙(𝜎𝜑,𝜖
2)

• Change point (CP) epoch: Ԧ𝑠 Ԧ𝑠 ~𝒩 𝜇 Ԧ𝑠, 𝑠
2 , 𝑤𝑖𝑡ℎ 𝜇 Ԧ𝑠 ~ 𝑈(0, 𝑡𝑚𝑎𝑥)

• CP 1,0 switch function Ԧ𝑞 Ԧ𝑞 ~ 𝐵𝑒𝑟(𝜇𝑞), 𝜇𝑞 ∈ [0,1]

offsets +     trends +   seasonal + noise term

𝑦 𝑡 = 𝑜 𝑡 + g 𝑡 + 𝑠𝑒𝑎𝑠 + 𝜂 𝑃 𝜃|𝑦 =
𝑃 𝑦 𝜃 𝑃(𝜃)

𝑃(𝑦)

Bayes-theorem:

Posterior distribution

Bayesian modelling of discontinuities and piecewise trends:

An application to vertical land motion

Model formulation:
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𝑃(𝑦)

Bayes-theorem:

Posterior distribution

Bayesian modelling of discontinuities and piecewise trends:

An application to vertical land motion

Model formulation:

• Markov chain Monte Carlo 

Sampling to estimate the posterior

distributions

• No-U-Turn (NUTS) sampler

• Metropolis-within-Gibbs

• For more details please see paper 

or Neal et al., 1993, Hoffman and 

Gelmann, 2014, etc.
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Bayesian modelling of discontinuities and piecewise trends:

An application to vertical land motion

S
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Does piecewise trend estimation outperform linear trend estimation (without accounting for change points)?
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Bayesian modelling of discontinuities and piecewise trends:

An application to vertical land motion
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 Improvement of piecewise trend estimation vs. 

strictly linear trend estimation for 387 co-located

GNSS/TG stations by 0.44 mm/year (on average)
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Bayesian modelling of discontinuities and piecewise trends:

An application to vertical land motion
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 Improvement of piecewise trend estimation vs. 

strictly linear trend estimation for 387 co-located

GNSS/TG stations
Thank You!

For more information see (soon):

• Study Submitted to Journal of Geodesy

• Code availability:

https://github.com/oelsmann/discotimes

GPLv3

Julius.oelsmann@tum.de

https://github.com/oelsmann/discotimes
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