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ABSTRACT

Sea level rise is one of the most serious and tangible consequences of future
climate change. Confidence in projections of future sea level will be dictated by
our ability to correctly account for observed sea level changes from the recent
past. Matching estimates of sea level rise with the components that affect it is
a long standing problem in geosciences spanning multiple disciplines: oceanog-
raphy, glaciology, hydrology and solid Earth physics. Traditionally, each part
of the problem has been tackled separately using different data, techniques and
physical understanding, which has often lead to inconsistencies between the sum
of these components and the integral as measured by satellite altimetry.
In this work we will, for the first time, tackle all components simultaneously by
using a Bayesian Hierarchical Model (BHM) framework and produce a physically-
based and data-driven solution for the complete coupled land-ocean-solid Earth
system that is consistent with the full suite of observations, prior knowledge and
fundamental geophysical constraints. In the BHM, the latent geophysical pro-
cesses are modelled as multivariate Gaussian processes that are auto-correlated in
time and have Matérn covariance functions for describing a wide range of spatial
characteristics.
The BHM was developed and tested on Antarctica[?], where it has been used to
separate surface, ice dynamic and the glacial isostatic adjustment (GIA) signals
simultaneously. However on a global scale, a single update of the entire process
at a 1 degree resolution involves a covariance matrix of the size 106 × 106. We
reduce the computational cost by (1)using a sparse covariance matrix induced
by a Gaussian Markov random field approximation, (2)implementing a colour-
ing algorithm on the process points for parallel computing and, (3)reducing the
communication time by exploiting the cache memory.
We illustrate the approach and concepts with examples from the test case and
present the first results where we assess the consistency of the ICE-6G GIA
model against the integral of sea surface height anomalies, ARGO-derived steric
variations and GRACE-derived mass exchange.
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