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Cazenave et al., The rate of sea-level rise



The rate of sea-level rise



In this Supplementary Information, we test the robustness of our results using different data to compute the mass component. In the main text, we used the ISBA/TRIP hydrological model (Ref. 22) to estimate the mass contribution due to land water storage change because there are no global observations available over the whole period 1994-2011 to estimate it. However with the launch of the GRACE mission that measures the time-varying gravity field, we can directly estimate the mass component since early 2003. In a new computation, we used the same data as in the main text (nominal case) between January 1994 and December 2002, but over the January 2003 to December 2011 time span, we replaced the model-based land water storage component by GRACE data. Two different GRACE products were used: (1) the U. Texas Center for Space Research -CSR RL05- ocean data (unfiltered global mean ocean mass time series processed by Don P. Chambers -ref. S1 & S2-, and available at http//xena.marine.usf.edu/~chambers/SatLab/home.html),



and (2) the Release 2 products



from



Spatiale/GRGS



the



Groupe



de



Recherches



en



Geodesie



(www.grgs.obs-



mip.fr/grace/variable-models-grace-lageos/grace-solutions-release-02). We separately estimated from the GRACE/GRGS data, the ocean mass and land water components (in the latter case, we also accounted for atmospheric water vapour, as for the nominal case), by averaging the data over ocean and land, respectively (ignoring the Greenland and Antarctica ice sheets, and masking the Alaska and Patagonia glacier areas for land data). A number of post-processing corrections were applied to the GRACE/GRGS data to improve the signal to noise ratio (details in Dieng et al., Effect of La Niña on the global mean sea level and north Pacific ocean mass over 2005-2011, J. Geodetic Sci., in press, 2014). Note that for the CSR RL05 global mean ocean mass time series, post-processing corrections are already applied by D.P. Chambers. As we focus on the interannual variability, the mass time series were detrended. The mass component was computed by replacing over January 2003-December 2011, the ISBA/TRIP plus atmospheric water vapour data by GRACE ocean mass, using CSR RL05 and GRGS products (called hybrid cases 1 and 2, respectively). We also considered a case where the ISBA/TRIP land water data were replaced by GRACE/GRGS land water data over January 2003-December 2011) (hybrid case 3). We performed the same analysis as for the nominal case, i.e., removing from the GMSL time series the interannual mass plus NATURE CLIMATE CHANGE | www.nature.com/natureclimatechange 
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thermosteric component, and re computing the GMSL trends. Fig. S1, S2 and S3 present similar plots as Fig.1, 2 and 3, but for hybrid case 1. Uncertainty of monthly GRACE mass values is estimated to 1.5 mm (ref. S1, S3). Figures for hybrid cases 2 and 3 are not shown as they are quite similar to those of hybrid case 1. Table 1 presents corrected GMSL trends computed over 1994-2002 and 2003-2011 for the 3 hybrid cases. Values for the nominal case are also shown. From this additional analysis that provides hybrid cases combining GRACE data with outputs from the ISBA/TRIP hydrological model, we come up to the same conclusion as for the nominal case, i.e. removing the interannual mass plus thermosteric contribution to the GMSL time series increases the GMSL rate of the 2003-2011 time span to 3.2-3.3 mm yr-1, a value similar to that of the 1994-2002 time span.



Figure S1: (a) GMSL trends computed over two time spans (January 1994 to December 2002, and January 2003 to December 2011) using satellite altimetry data from five processing groups (see Method for data sources). The mean GMSL trend (average of the five data sets) is also shown. (b) Same as (a) but after correcting the GMSL for the mass and thermosteric interannual variability (hybrid case 1). ‘Corrected’ means that the interannual variability due to the water cycle and thermal expansion are quantitatively removed from each original GMSL time series using data as described in the main text, Method and Supplementary Information. In hybrid case 1, the mass component used to correct for interannual variability is based on the ISBA/TRIP hydrological model for land water storage plus atmospheric water vapour component over January 1994 to December 2002 and GRACE CSR RL05 ocean mass over January 2003 to December 2011. Black vertical bars represent the 0.4 mm yr-1 uncertainty (ref.2). Units: mm yr-1.
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Figure S2: (a) Temporal evolution of the GMSL rate computed over 5-year-long moving windows shifted by 1-year (start date: 1994). (b) Temporal evolution of the corrected GMSL rate computed over 5-year-long moving windows shifted by 1-year (start date: 1994). GMSL data from each of the five processing groups are shown. The mass component is based on the ISBA/TRIP hydrological model for land water storage plus atmospheric water vapour component over January 1994 to December 2002 and GRACE CSR RL05 ocean mass over January 2003 to December 2011 (hybrid case 1). Units: mm yr-1.
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Figure S3: Black curve: mean detrended GMSL time series (average of the five satellite altimetry data sets) from January 1994 to December 2011, and associated uncertainty (in grey; based on the dispersion of each time series around the mean). Light blue curve: interannual mass component based on the ISBA/TRIP hydrological model for land water storage plus atmospheric water vapour component over January 1994 to December 2002 and GRACE CSR RL05 ocean mass for January 2003 to December 2011 (hybrid case 1). The red curve is the sum of the interannual mass plus thermosteric components. This is the signal removed to the original GMSL time series. Vertical bars represent the uncertainty of the monthly mass estimate (of 1.5 mm22, 30, S1, S3; light blue bar) and of the monthly total contribution (mass plus thermosteric component) (of 2.2 mm, ref. 22, 30, 28, 29, S1, S3; red bar). Units : mm.



Table S1: Trends of the corrected GMSL time series computed over two time spans (January 1994 to December 2002, and January 2003 to December 2011) for the nominal case and three hybrid cases. Satellite altimetry-based GMSL data from five processing groups, as well as mean (i.e., average of the five data sets) are considered. The mass component used to correct for interannual variability is based on the ISBA/TRIP hydrological model for land water storage plus atmospheric water vapour component over January 1994 to December 2011 in the nominal case, whereas GRACE data are used between January 2003 to December 2011 in the three hybrid cases (see above). Units: mm yr-1.
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GMSL rate



Case



AVISO CU NOAA GSFC CCI



Mean



1994-2002



Nominal



3.3



3.4



3.3



3.4



3.3



3.3



2003-2011



Nominal



3.3



3.2



3.3



3.2



3.3



3.3



2003-2011



Hybrid 1



3.2



3.1



3.3



3.2



3.3



3.2



2003-2011



Hybrid 2



3.2



3.1



3.3



3.1



3.2



3.2



2003-2011



Hybrid 3



3.2



3.1



3.2



3.1



3.2



3.2



References S1: Chambers D.P., and Bonin J.A. Evaluation of Release-05 GRACE time variable gravity coefficients over the ocean, Ocean Sci., 8, 859-868, doi:10.5194/os-8-859-2012 (2012). S2: Chambers D.P. & Schroeter, J. Measuring ocean mass variations from satellite gravimetry, J. Geodynamics, 52, 333-343 (2011). S3: Wahr, J., Swenson, S. & Velicogna, I. Accuracy of GRACE mass estimates, Geophys. Res. Lett., 33, L06401, doi:10.1029/2005GL025305 (2006).
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