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The following material is supporting information for “Altimeter-Era
Emergence of the Patterns of Forced Sea Level Rise and Implications

for the Future” by J. T. Fasullo and R. S. Nerem. It is comprised of 2 tables and 11
figures.



39 Tables

40

41  Table S1: Pattern correlations between ensemble-mean regional sea level trends for
42 JJA and DJF in CESM and ESM2M across various periods. Patterns for the
43 altimeter era CESM seasonal trends are shown in Fig. SA.

44

CESM ESM2M

097  0.99
091 098
091  0.99
095  0.99

45

46  Table S2: Table 2: Representativeness of Long Term Pattern: Pattern correlations
47 between the long-term FR (1950-2100) in sea level with other time periods in

48 ESM2M for the global ocean and by basin. The correlations demonstrate the

49 similarity between simulated altimeter-era, and near future (2020-45) FR

50 patterns of rise while highlighting the change in those patterns from the mid-20t"
51 Century.

52

ESM2M

_ Global Atlantic Southern Pacific  Indian
uielfosieriy -0.02 020 -0.31 -0.20 -0.18
eleRE{olike® 0.84 0.77 0.86 0.85 0.88
AP0 B0 0.92 0.90 0.93 0.93 0.93
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Fig. S1: Seasonal patterns (JJA, A, and DJF, B) of the CESM 1993-2018 forced
response in relative sea level (global mean removed) and near-surface winds
(vectors, m st yr?).
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Figure S2: Statistically significant relative sea level forced response trends in mm yr-

! from 1993-2018 (global mean removed) for the CESM (A) and ESM2M (B).
Significant trends in surface winds are also shown (vectors, m s yrt). Only
fields where |p|<0.05 are shown, based on regions where the FR exceeds twice the
ensemble standard error.
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Figure S3: The forced response from 1950 to 1975 in relative sea level (mml/y, global
mean removed) and near-surface winds (m/s/y) based on ensemble-mean trends
in the CESM (A) and ESM2M (B).
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Figure S4: Forced response in relative sea level (mm/y, global mean removed) and
near surface winds (m/s/y) from 1950 to 2100 based on ensemble-mean trends in
CESM (A) and ESM2M (B).
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Fig. S5: Histograms of the fractional occurrence of pattern correlations in the
CESM LE of individual member trends across various eras with the 1950-2100
FR for A) the global ocean, and B) the Atlantic, C) Pacific, D) Southern, and E)
Indian Ocean basins (associated ocean boundaries shown in Fig. 1A). Dotted
lines in A-E correspond to occurrences obtained at random in the control run
(shown in detail for the global ocean in F). Dashed lines in (F) correspond to
959% confidence intervals for pattern correlations in the control run. Also shown
in A-D are the pattern correlations of the 1950-2100 FR with observed altimeter-
era trends, smoothed to T42 spectral wavenumbers, omitted for the Indian
Ocean where the correlation is negative (-0.03). Plotted fractional occurrence in
A-E does not sum to unity where members with negative correlations exist (e.g.
1950-75 in A).



96

97
0.25 )1950-19?510.52:0.08] Global 0.25 )1950-19?5(0.?3:0.10] Aflantic .
1863-2018 (0.51+0.09) 19€3-2018 (0.68+0.13)
c 0.20 2020-2045 (0.630.09) 0.20 2020-2045 (0.67=0.09)
3 .
%
w010
0.05
0.00
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
025 1950-1975 (0.54:0.15) pacic . 0 South
1950-1975 (0.71+0.15)
1863-2018 (0.47+0.11) )
1953-2018 (0.66+0.17)
c 0.20 2020-2045 (0.52+0.13) 0.20 2020-2045 (0.76+0.14)
0.0 0.2 0.4 0.6 08 1.0 0.0 0.2 0.4 0.6 0.8 1.0
)1950-19?5t0.5?=0.1s: ndian ' F) :3331;333
1993-2018 (0.6520.24) 2020-2045
. 020 2020-2045 (0.71=0.23) 010 1950-2100
g 0.08 B
g 0.06
0.04 1
‘HL 0.02 k H 1
a0 |I II‘I? Id“lll
. . . R . 1.0 0.4 -0.2 0.0 0.2 0.4
98 Correlation
99 Fig. S6: Histograms of the fractional occurrence of pattern correlations in the
100 ESM2M LE of individual member trends across various eras with the
101 contemporaneous FRs for A) the global ocean, and B) the Atlantic, C) Pacific, D)
102 Southern, and E) Indian Ocean basins (associated ocean boundaries shown in
103 Fig. 1A). Colored lines in A-E correspond to occurrences obtained for the three
104 eras’ FR from the control run (for the globe shown in detail in F). Dashed lines
105 in (F) correspond to 95% confidence intervals for pattern correlations in the
106 control run. Also shown in A-C are the pattern correlations of the 1950-2100
107 forced response with observed altimeter trends, smoothed to T42 spectral
108 wavenumbers, omitted for the Southern and Indian Ocean where the
109 correlations are negative (-.01 and -0.27, respectively). Plotted fractional
110 occurrence in A-E does not sum to unity where members with negative

111 correlations exist.
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113
114 Fig. S7: Histograms of the fractional occurrence of pattern correlations in the
115 ESM2M LE of individual member trends across various eras with the 1950-2100
116 FR for A) the global ocean, and B) the Atlantic, C) Pacific, D) Southern, and E)
117 Indian Ocean basins (associated ocean boundaries shown in Fig. 1A). Dotted
118 lines in A-E correspond to occurrences obtained at random in the control run
119 (shown in detail for the global ocean in F). Dashed lines in (F) correspond to
120 95% confidence intervals for pattern correlations in the control run. Also shown
121 in A-C are the pattern correlations of the 1950-2100 FR with observed altimeter-
122 era trends, smoothed to T42 spectral wavenumbers, omitted for the Southern
123 and Indian Oceans where the correlations are negative (-0.01 and -0.20,
124 respectively). Plotted fractional occurrence in A-E does not sum to unity where
125 members with negative correlations exist (e.g. 1950-75 in A).
126

127



128
129

130
131
132

. -0.5 -0.3 . 01 -0.05 0 0.05 0.1 0.3 0.5
Figure S8: Trends in relative ocean heat content (global mean removed) by depth

(108 J/m?ly) during the altimeter era for the CESM forced response. Depths
include 0-700 m (A), 700-2000m (B), and below 2000m (C). Also shown are
trends in surface currents (vectors, cm/sly).
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Figure S9: Altimeter-era trends in surface temperature (A, K), salinity (B, g/kg),
and potential density (C, kg/kg) for the CESM forced response. Vectors show the
forced response trends in near surface winds (m/sl/y).
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Figure SlO Trends |n relative ocean heat content (gIobaI mean removed) by

depth (108 J/m?/y) from 2020-2045 for the CESM forced response. Depths
include 0-700 m (A), 700-2000m (B), and below 2000m (C). Also shown are
trends in surface currents (vectors, cm/sly).
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Figure S11: The forced response from 1950-2100 in relative (global mean removed)

ocean heat content (filled contours, 108 J y1) and sea level (contour lines, 0.5 mm
ylintervals) for the CESM (A) and ESM2M (B) ensemble means.



