
Supplemental Information 
 
Comparison with tide gauge observations 
 
A comparison of rates estimated using the tide-gauge observations with rates 
obtained from the Kalman smoother (KS) and Gaussian process regression 
(GPR) reconstructions is made by looking at a scatter plot of the rates (Figs. S1-
4). In order to compute the linear trends from the KS reconstruction, data gaps 
are imposed in the reconstruction so that the data gaps that are present in the 
tide gauge observations are also present in the reconstruction. This ensures that 
any differences in the computed linear rates are not a result of sampling biases. 
Since the GPR reconstruction is performed at decadal intervals, a similar 
sampling of this field was not done. For the 1901-1990 time period, rates are 
estimated using the observations at tide gauge sites that have at least 60 years 
of data over the time period 1901-1990. Over 1993-2010, sites with at least 15 
years of data are included in the analysis.  
 
Over the 1901-1990 time period, the reconstruction rates agree very well with the 
rates estimated from the observation (Figs. S1,2). Not surprisingly, the scatter 
about the 1:1 line increases over the 1993-2010 period, as do the rate 
uncertainties (Figs S3,4).  
 
 

 
Figure S1. Scatter plot of 1901-1990 linear rates estimated from the tide gauge data and 
the Kalman smoother reconstruction. Rates are computed at the 85 tide gauge sites with 
at least 60 years of data over the time period of interest. 
 



 
Figure S2. Scatter plot of 1900-1990 linear rates estimated from the tide gauge data and 
the Gaussian process regression reconstruction. Rates are computed at the 85 tide 
gauge sites with at least 60 years of data over the time period of interest. 
 

 
Figure S3. Scatter plot of 1993-2010 linear rates estimated from the tide gauge data and 
the Kalman smoother reconstruction. Rates are computed at the 373 tide gauge sites 
with at least 15 years of data over the time period of interest. 



 

 
Figure S4. Scatter plot of 1990-2010 linear rates estimated from the tide gauge data and 
the Gaussian process regression reconstruction. Rates are computed at the 373 tide 
gauge sites with at least 15 years of data over the time period of interest. 
 
 
 
Sensitivity of GMSL estimates to ocean dynamics models 
 
The KS GMSL estimates are dependent on the KS multi-model estimate of ocean 
dynamics. In order to test the sensitivity of the 1901-1990 and 1993-2010 rates of 
rise to the ocean model specified, we re-ran the full multi-model Kalman 
smoother for all 161 GIA models but fixed the ocean model to be one of the 6 
CMIP5 models. We repeated this experiment for each of the ocean models, 
computing the GMSL time series for each multi-model run. The 6 GMSL time 
series are shown in Figure S5, and the rates of sea-level rise over the two time 
periods (1901-1990 and 1993-2010), along with the KS full multi-model rate from 
Hay et al. (2015), are listed in Table S1. 
 
The 1901-1990 rates vary from 1.1-1.4 mm/yr, with 5 of the 6 results falling at or 
below the 1.2 mm/yr rate obtained in Hay et al. (2015). While the spread in 
results is much larger in the later time period (2.4-3.9 mm/yr), all results agree 
with the Hay et al. (2015) estimate of 3.0 ± 0.7 mm/yr within the 2-sigma 
uncertainty range.  
 



 
Figure S5. GMSL time series (mm) for the multi-model Kalman smoother run with all 
161 GIA models and a fixed ocean dynamics model (as labeled). 
 
Table S1. Kalman smoother estimated rates of sea-level rise (mm/yr) over 1901-1990 
and 1993-2010 for the six experiments where a fixed ocean dynamics model is 
adopted. Also included is the multi-model estimate from Hay et al. (2015). 

Ocean 
Model 

1901-1990 
Rate (mm/yr) 

1993-2010 
Rate (mm/yr) 

BCC-CSM 1.1 ± 0.2 2.9 ± 0.7 
CanESM2 1.1 ± 0.2 3.0 ± 0.7 

GFDL 1.0 ± 0.2 3.9 ± 0.7 
IPSL 1.1 ± 0.2 2.7 ± 0.7 

MIROC5 1.4 ± 0.2 2.4 ± 0.7 
MRI 1.2 ± 0.2 3.0 ± 0.7 

Multi-Model 1.2 ± 0.2 3.0 ± 0.7 
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