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13.SM.1 Methods of Global Mean Sea Level 
Projections for the 21st Century

This section summarizes the methods used to produce the projections 
shown in Section 13.5.1 for the Representative Concentration Pathway 
(RCP) scenarios and the Special Report on Emission Scenarios (SRES) 
A1B scenario. The Supplementary Material includes files of the annual 
time series of median, 5th percentile and 95th percentile for each of the 
contributions to global mean sea level rise and the sum, corresponding 
to the results shown in Table 13.5. The data files are named as follows:

scenario _ quantity statistic . suffix

for instance rcp45_summid.nc. In each name, 

scenario is rcp26, rcp45, rcp60 or rcp85, corresponding to the four 
representative concentration pathways used in CMIP5, or sresa1b for 
SRES A1B used in CMIP3.

quantity is temperature for global mean surface temperature change, 
expansion for thermal expansion (sections 13.4.1 and 13.SM.1.2), 
glacier for glaciers (13.4.2 and 13.SM.1.3), greensmb for Greenland 
ice-sheet SMB (13.4.3.1 and 13.SM.1.4), antsmb for Antarctic ice-
sheet SMB (13.4.4.1 and 13.SM.1.5), greendyn for Greenland ice-
sheet rapid dynamical change (13.4.3.2 and 13.SM.1.6), antdyn for 
Antarctic ice-sheet rapid dynamical change (13.4.4.2 and 13.SM.1.6), 
landwater for anthropogenic intervention in water storage on land 
(13.4.5 and 13.SM.1.6), greennet for the sum of SMB and rapid 
dynamical contributions from the Greenland ice-sheet, antnet for the 
sum of SMB and rapid dynamical contributions from the Antarctic ice-
sheet, sheetdyn for the sum of the rapid dynamical contributions from 
the Greenland and Antarctic ice-sheets, or sum for the sea level projec-
tion including all contributions. Except for temperature, these are the 
quantities shown in Table 13.5.

statistic is mid for the median, or lower or upper for the limits of the 
range.

suffix is txt for plain ASCII text, or nc for netCDF.

The text files have two columns, year and sea level change in metres. 
The netCDF files describe their contents using the CF convention.

13.SM.1.1 Derivation of Global Surface Temperature and 
Thermal Expansion Time Series from Coupled 
Model Intercomparison Project Phase 5 

Annual time series for change in global mean surface air temperature 
(SAT) (‘tas’ in the CMIP5 archive) and global-mean sea level (GMSL) 
rise due to thermal expansion (‘zostoga’) in the historical period and 
during the 21st century under RCP scenarios (Section 13.4.1) were 
obtained from a set of 21 CMIP5 AOGCMs (ACCESS1-0, ACCESS1-3, 
CCSM4, CNRM-CM5, CSIRO-Mk3-6-0, CanESM2, GFDL-CM3, GFDL-
ES-M2G, GFDL-ESM2M, HadGEM2-ES, IPSL-CM5A-LR, IPSL-CM5A-MR, 
MIROC-ESM, MIROC-ESM-CHEM, MIROC5, MPI-ESM-LR, MPI-ESM-
MR, MRI-CGCM3, NorESM1-M, NorESM1-ME, inmcm4). These were 
all those for which thermal expansion was available, including from a 
parallel pre-industrial control experiment, which is required to remove 
the thermal expansion due to climate drift in deep-ocean tempera-
tures (Gleckler et al., 2012). The drift was removed by subtracting a 
polynomial fit as a function of time to the control thermal expansion 
time series. Where CMIP5 results were not available for a particular 
Atmosphere–Ocean General Circulation Model (AOGCM) and scenario, 
they were estimated by the method of Good et al. (2011) and Good 
et al. (2013) using the response of that AOGCM to an instantaneous 
quadrupling of carbon dioxide (CO2) concentration. The same method 
was used to estimate the CMIP5 projections for scenario SRES A1B. 
The method gives estimates of change in global mean surface air 
temperature and net radiative flux at the top of the atmosphere. The 

Table 13.SM.1 |  Median values and likely ranges for projections of global-mean sea level rise and its contributions in metres in 2100 relative to 1986–2005 for the four RCP 
scenarios and SRES A1B. See Section 13.5.1 concerning how the likely range is defined. Because some of the uncertainties in modelling the contributions are treated as uncorrelated, 
the sum of the lower bound of contributions does not equal the lower bound of the sum, and similarly for the upper bound. Because of imprecision from rounding, the sum of the 
medians of contributions may not exactly equal the median of the sum.

SRES A1B RCP2.6 RCP4.5 RCP6.0 RCP8.5

Thermal expansion 0.24 [0.18 to 0.30] 0.15 [0.11 to 0.20] 0.20 [0.15 to 0.25] 0.22 [0.17 to 0.27] 0.32 [0.25 to 0.39]

Glaciers 0.16 [0.09 to 0.23] 0.11 [0.05 to 0.17] 0.13 [0.07 to 0.20] 0.14 [0.07 to 0.20] 0.18 [0.10 to 0.26]

Greenland Ice Sheet SMBa 0.07 [0.03 to 0.15] 0.03 [0.01 to 0.08] 0.05 [0.02 to 0.11] 0.05 [0.02 to 0.12] 0.10 [0.04 to 0.22]

Antarctic Ice Sheet SMBb –0.04 [–0.07 to –0.01] –0.02 [–0.05 to –0.00] –0.03 [–0.06 to –0.01] –0.03 [–0.06 to –0.01] –0.05 [–0.09 to –0.02]

Greenland Ice Sheet 
Rapid Dynamics 0.04 [0.01 to 0.06] 0.04 [0.01 to 0.06] 0.04 [0.01 to 0.06] 0.04 [0.01 to 0.06] 0.05 [0.02 to 0.09]

Antarctic Ice Sheet 
Rapid Dynamics 0.08 [–0.02 to 0.19] 0.08 [–0.02 to 0.19] 0.08 [–0.02 to 0.19] 0.08 [–0.02 to 0.19] 0.08 [–0.02 to 0.19]

Land Water Storage 0.05 [–0.01 to 0.11] 0.05 [–0.01 to 0.11] 0.05 [–0.01 to 0.11] 0.05 [–0.01 to 0.11] 0.05 [–0.01 to 0.11]

Sea Level Rise 0.60 [0.42 to 0.80] 0.44 [0.28 to 0.61] 0.53 [0.36 to 0.71] 0.55 [0.38 to 0.73] 0.74 [0.52 to 0.98]

Greenland Ice Sheet 0.11 [0.07 to 0.19] 0.08 [0.04 to 0.12] 0.09 [0.05 to 0.16] 0.09 [0.06 to 0.16] 0.15 [0.09 to 0.28]

Antarctic Ice Sheet 0.05 [–0.06 to 0.15] 0.06 [–0.04 to 0.16] 0.05 [–0.05 to 0.15] 0.05 [–0.05 to 0.15] 0.04 [–0.08 to 0.14]

Ice-Sheet Rapid Dynamics 0.12 [0.03 to 0.22] 0.12 [0.03 to 0.22] 0.12 [0.03 to 0.22] 0.12 [0.03 to 0.22] 0.14 [0.04 to 0.24]

Only the collapse of the marine-based sectors of the Antarctic Ice Sheet could cause GMSL to rise substantially above the likely range during the 21st century. This potential additional contribution 
cannot be precisely quantified but there is medium confidence that it would not exceed several tenths of a meter of sea level rise.

Notes:
a Including the height-SMB feedback.
b Including the interaction between SMB change and outflow.
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latter was integrated in time to obtain the estimated change in heat 
content of the climate system, and converted to thermal expansion 
using the expansion efficiency of heat appropriate to each AOGCM, 
as diagnosed from all the available RCPs for that AOGCM. The correla-
tion between heat content change and thermal expansion is very high 
and the relationship can be accurately treated as linear (Kuhlbrodt and 
Gregory, 2012).

13.SM.1.2 Interpretation and Combination of Uncertainties

Uncertainties were derived from the CMIP5 ensemble by treating the 
model spread as a normal distribution, and following Section 12.4.1.2 
it was assumed that the 5 to 95% interval of CMIP5 projections for the 
21st century for each RCP scenario can be interpreted as a likely range 
(Section 13.5.1). The CMIP5 timeseries of thermal expansion X and 
global mean surface air temperature T were expressed as anomalies 
as a function of time t with respect to their time-means for 1986-2005, 
and the timeseries of ensemble means XM(t) and TM(t) and ensemble 
standard deviations XS(t) and TS(t) were calculated. As in the AR4, a 
Monte Carlo was used to generate distributions of timeseries of X and 
T in a perfectly correlated way; for each member of the ensemble, a 
random number r was chosen from a normal distribution, giving X(t) = 
XM(t)  + r XS(t) and T(t) = TM(t) + r TS(t), and T(t) was used to estimate 
land ice contributions to GMSLR, as described in the following sections. 
As in the AR4, all the uncertainties described by the land ice methods 
were assumed to be independent of the climate change uncertainty 
represented by the variation of r and of one another, except where 
stated, and were combined by Monte Carlo. Because of the use of 
Monte Carlo, the results for GMSLR have a random uncertainty. For 
different random samples of the sizes used to compute the results in 
Table 13.5, the results vary by up to 0.01 m in GMSLR and its contribu-
tions, and 0.1 mm yr-1 in the rate of GMSLR. The projections are shown 
for 2081-2100 in Table 13.5, and for 2100 in Table 13.SM.1.

13.SM.1.3 Glaciers

Changes in glacier mass in all regions excluding Antarctica from 2006 
onwards were projected using a parameterized scheme which was 
fitted separately to results from each of the global glacier models 
of Giesen and Oerlemans (2013), Marzeion et al. (2012), Radić et al. 
(2014) and Slangen and van de Wal (2011). For the model of Giesen 
and Oerlemans (2013), only the dependence on temperature was con-
sidered; the dependences on precipitation and atmospheric transmis-
sivity were not included. All of these global glacier models have been 
used to make projections using output from several AOGCMs. Giesen 
and Oerlemans used results from CMIP3 AOGCMs for scenario SRES 
A1B, and the other authors used results from different sets of CMIP5 
AOGCMs for RCPs. The RCP results of Slangen and van de Wal (2011) 
are not included in their published paper, but use the same glacier 
model as in the paper. The parameterized scheme enables estimates to 
be made for the glacier contribution to GMSL rise gI as a function of 
time t for the consistent set of CMIP3 and CMIP5 AOGCMs across all 
RCPs and SRES A1B. The scheme gives gI(t) in millimetres with respect 
to 2006 as fI(t)p, where I(t) is the time integral of T from 2006 to time 
t in degrees Celsius year, and the constants f and p used for each gla-
cier model are shown in Table 13.SM.2. The constants were fitted by 
linear regression of log(g) against log(I). The global glacier models on 

which this formula is based calculate their results from geographically 
dependent climate change with detailed treatments of glacier surface 
mass balance (SMB) and the evolution of hypsometry; their complexity 
cannot be accurately reproduced by a simple formula, and the spread 
of their results around the prediction of this formula has a coefficient 
of variation (standard deviation divided by mean) of 20% or less for 
decadal means for all glacier models and RCPs, except for the early 
decades of the 21st century under RCP2.6 for the model of Slangen 
and van de Wal (2011) for which there are fractional errors of up to 
40%, but the absolute error is small. Therefore we take 20% of the 
projection of the formula made using the CMIP5 ensemble mean I(t) as 
the standard deviation of a normally distributed methodological uncer-
tainty in the glacier projection for each global glacier model. In order 
to incorporate this uncertainty into the projections, for each member 
of the Monte Carlo ensemble of glacier time-series, a normally distrib-
uted random number was chosen, independent of time, as a factor 
by which the time-dependent standard deviation should be multiplied, 
giving the uncertainty to be added to the glacier time-series. We give 
the four global glacier models equal weight in the projections. Because 
the time integration began in 2006, a constant 9.5 mm was added to 
the projections to account for the glacier contribution from 1996 (the 
centre of the reference period for projections) to 2005; this is the mean 
result from the model of Marzeion et al. (2012) using input from CMIP5 
AOGCM historical experiments. The formula is not applicable beyond 
2100 because it does not represent the tendency of global glacier mass 
to reach a new steady value when global climate stabilizes, although 
the global glacier models on which it is based can predict this as a con-
sequence of the evolution of hypsometry. Glaciers on Antarctica were 
not included in the global glacier projections because they are included 
in the projections for the Antarctic ice sheet.

Global Glacier Model f (mm °C–1 yr–1) p (no unit)

Giesen and Oerlemans (2013) 3.02 0.733

Marzeion et al. (2012) 4.96 0.685

Radić et al. (2013) 5.45 0.676

Slangen and van de Wal (2011) 3.44 0.742

Table 13.SM.2 |  Parameters for the fits to the global glacier models.

13.SM.1.4 Greenland Ice Sheet Surface Mass Balance

The change in Greenland ice sheet SMB Ge(t), excluding changes in ice 
sheet topography, was computed from T(t) using the cubic polynomial 
formula, Equation (2) of Fettweis et al., which predicts the Greenland 
SMB anomaly as a function of T, and was obtained by fitting results 
from an RCM using input from several CMIP5 AOGCMs for RCP4.5 and 
RCP8.5. Their Equation (2) Ge = −71.5T − 20.4T2 − 2.8T3 gives Ge in Gt 
yr –1, which we convert to mm yr –1 SLE. In this formula, T is relative to 
the time mean of 1980–1999, rather than 1986–2005; in the CMIP5 
AOGCM results, the former period is cooler by 0.15°C. The results of 
this formula were compared with those for the same AOGCMs and RCP 
from Equation (1) of Fettweis et al. (2013), which predicts G(t) from 
summer (June to August) air temperature at 600 hPa over Greenland. 
Equation (1) reproduces the RCM results more accurately but cannot 
be used for the consistent set of CMIP5 AOGCMs and all RCPs because 
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their required input data are not available. The results of Equation (2) 
were also compared with those for the same AOGCMs and RCPs with 
results obtained from the models of Gregory and Huybrechts (2006) 
and Yoshimori and Abe-Ouchi (2012), the former being the one used in 
the AR4. As a result of this comparison of projections (Section 13.4.3.1, 
Table 13.4), Ge(t) was estimated as FG2(t), where G2(t) is calculated 
from T using Fettweis et al. Equation (2), and F is a factor representing 
methodological uncertainty. This factor is taken to have a log-normal 
distribution i.e. one of the form F = eN, where N is a normal distribution 
having a mean of zero. A log-normal distribution is used because the 
distributions of Ge(t) from the various Greenland ice sheet SMB models 
are positively skewed. None of these models simulates the change 
in SMB caused by the evolution of the ice sheet surface topography, 
which gives a positive feedback on mass loss (Section 13.4.3.2). To 
allow for this effect, the Greenland ice sheet SMB change G(t) with 
respect to 1986–2005 was estimated as EGe(t), where E is a randomly 
varying factor with a uniform probability distribution in the range 1.00 
to 1.15. The uncertainties of E and F were assumed not be correlated, 
and independent of time. The ice sheet SMB change G(t) was integrat-
ed in time to obtain the change in ice sheet mass, starting in 2006. 
A constant 1.5 mm was added to the projections to account for the 
Greenland SMB contribution from 1996 (the centre of the reference 
period for projections) to 2005; this is half of the central observational 
estimate of the rate of Greenland ice sheet mass loss during this period 
(Section 13.3.3.2, using data presented in Figure 4.15).

13.SM.1.5 Antarctic Ice Sheet Surface Mass Balance

The change in Antarctic ice sheet SMB A(t) with respect to 1986–2005 
was assumed to be due solely to an increase in accumulation (thus, A < 
0 in units of sea level equivalent, because accumulation on the ice sheet 
removes mass from the ocean), which was estimated using the results 
of Gregory and Huybrechts (2006) from CMIP3 AOGCMs. Accumulation 
was taken to increase at 5.1 ± 1.5% °C–1 of warming in Antarctica rel-
ative to 1985-2005, the ratio of warming in Antarctic to T was taken 
to be 1.1 ± 0.2, and the accumulation for the reference period was 
taken to be 1923 Gt yr-1 (Section 13.3.3.2). Both of these uncertainties 
(standard deviations) were treated as normally distributed methodo-
logical uncertainties in the projections. The resulting spread of projec-
tions is very close to the spread of the results from the high-resolution 
Antarctic SMB models of Krinner et al. (2007), Bengtsson et al. (2011) 
and Ligtenberg et al. (2013) assessed in Section 13.4.4.1. The effect 
of increased accumulation on the dynamics of the Antarctic ice sheet 
(Section 13.4.4.2) was taken into account by adding a rate –SA(t) (a 
positive number in units of sea level equivalent, because the increase 
in outflow opposes the increase in accumulation and adds mass to the 
ocean) to the GMSL projections, where S is a randomly varying factor 
with a uniform probability distribution in the range 0.00 to 0.35. The 
uncertainties in accumulation sensitivity, Antarctic warming ratio, and 
the factor S were assumed not to be correlated, but S was perfectly 
correlated with the distribution of Antarctic rapid ice sheet dynamics 
(next paragraph), in the sense that when the rapid dynamical increase 
in outflow is large, the increase in outflow due to the dynamical reac-
tion to increased accumulation is also large. The mass balance changes 
A and –SA were integrated in time to obtain the change in the ice 
sheet mass, starting from 2006. Unlike for Greenland ice sheet SMB, 
no addition to the projections was made to account for the period 

1996–2005 for the contribution from Antarctic ice-sheet SMB, because 
changes during this period are judged to be due solely to dynamical 
change (Section 13.3.3.2).

13.SM.1.6 Rapid Ice Sheet Dynamics and Anthropogenic 
Change in Land Water Storage

Following Section 13.3.3.2, the contributions from rapid ice-sheet 
dynamics at the start of the projections were taken to be half of the 
observed rate of loss for 2005-2010 from Greenland (half of 0.46-0.80 
mm yr-1 from Table 4.6) and all of that from Antarctica (0.21-0.61 mm 
yr-1 from Table 4.6). The contributions reach 0.020 to 0.085 m at 2100 
from Greenland for RCP8.5, 0.014 to 0.063 m for the other RCPs and 
–0.020 to 0.185 m from Antarctica for all RCPs; these are the likely 
ranges from our assessment of existing studies (Sections 13.4.3.2 and 
13.4.4.2). For each ice sheet, a quadratic function of time was fitted 
which begins at the minimal initial rate and reaches the minimum final 
amount, and another for the maxima. Time series for the rapid dynamic 
contribution lying between these extremes were constructed as com-
binations of the extreme time series assuming a uniform probability 
density between the extremes. Finally, a constant 1.5 mm was added 
to the contribution from the Greenland ice sheet, and 2.5 mm to the 
contribution from the Antarctic ice sheet, these being the estimates of 
those contributions from 1996 to 2005 (using the data presented in 
Figures 4.15 and 4.16). 

The same method was followed for the anthropogenic land water stor-
age contribution (initial rates as for 1993–2010 from Table 13.1 and 
amounts for the time-mean of 2081-2100 from Section 13.4.5, with no 
additional amount for land water storage from 1996 to 2005). These 
contributions are treated as uncorrelated with the magnitude of global 
climate change and as independent of scenario (except for the higher 
rate of change for Greenland ice sheet outflow under RCP8.5). This 
treatment does not imply that the contributions concerned will not 
depend on the scenario followed, only that the current state of knowl-
edge does not permit a quantitative assessment of the dependence. 

13.SM.2 Computation of Regional Maps of Sea 
Level Change from Coupled Model  
Intercomparison Project Phase 5  
Model Output

Several results and figures in Section 13.6 are based on published 
methods as referred to in the main text but have not been published 
independently. This document details all information that led to num-
bers and figures shown in Section 13.6 on regional sea level projec-
tions. Data files for each figure are available.  

For each figure or each step involved, the underlying technical details 
that were used are described. The Supplementary Material includes 
files containing the data in each case. 

Figures 13.15, 13.16 and 13.24 show maps of regional sea level chang-
es computed from CMIP5 coupled climate models. The following steps 
were pursued in the preparation of those figures.
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13.SM.2.1 Sea Surface Height from Coupled Climate  
Models

Sea surface height (SSH) data, labeled the ‘zos’ variable, from the 
CMIP5 AOGCM database, are used to show regional changes in SSH 
over time, and include the regional variability of dynamic topography 
changes due to water mass advection, thermohaline circulation and to 
the wind-driven circulation (see Table 13.SM.3). These regional chang-
es are corrected for regional control drift by removing the linearly fitted 
control run drift from each latitude–longitude grid box individually, 
on a per-model basis. After this correction, the global average of this 
regional SSH field (a function of x, y, t) is forced to be the global ther-
mal expansion (‘zostoga’ variable) at each time step by first subtract-
ing the globally averaged regional SSH field at each time step from 
each grid box, and then adding the global thermal expansion time 
series to each grid box (the same number at every grid box, for a given 
time). The global thermal expansion time series was also corrected for 
control drift by removing a quadratic fit to the control run’s thermal 
expansion time series before being added to the regional SSH data. 
As not all models had multiple ensemble forced runs for the various 
RCP scenarios, only one run from each model (in each RCP scenario) 
was used to compute the multi-model ensemble means (i.e., the results 
for each individual model are only a single realization per scenario, as 
shown in Figure 13.24).

13.SM.2.2 Interpolation

All of the steps outlined above were performed on each model’s own 
grid, with interpolation to a common 1° × 1° grid only being applied 
after statistical analyses, to each model’s relative sea level changes, 
means and variances. The interpolation procedure involves applying a 
nearest-neighbour interpolation and a bilinear interpolation, with the 
nearest-neighbour interpolation chosen close to the coasts where the 
bilinear interpolation loses grid boxes.

13.SM.2.3 Masking

Some of the models, on their original grids, had detached marginal 
seas (e.g., the Mediterranean, Hudson Bay, Baltic Sea, etc.), and in 
most cases, the SSH in the marginal seas behaved differently than 
in the nearby ocean, with some models having significant numerical 
instability, and others undergoing a different SSH evolution in these 
seas. To remove large and obvious errors from the ensemble mean 
(and other ensemble statistics) and to treat all the models consist-
ently, marginal seas were masked out from individual models, if they 
were detached from the adjacent ocean basin, on the common 1° × 1° 
grid. This results in a final ensemble mean product that consists of, for 
example, for the RCP4.5 run, a 21-model mean over most of the ocean, 
but has only as few as 12 ensemble members contributing to the mean 
for some marginal seas (9 is the lowest number of RCP4.5/8.5 mem-
bers for which regional data are shown for ensemble statistics).

13.SM.2.4  Combining All Sea Level Rise Components

Figures 13.18, 13.19, 13.22 and 13.23 show projected sea level chang-
es as they result after combining various different contributions to sea 
level change in addition to those available from CMIP5 models. The 
following steps were necessary to obtain those maps and figures.

Contributions to regional sea level change due to changes in other 
components of the climate system were added to the thermosteric/
dynamic SSH from the AOGCMs. These components include surface 
mass balance and dynamic ice sheet contributions from Greenland and 
Antarctica, a glacier contribution, a land water storage contribution, 
glacial isostatic adjustment (GIA), and the inverse barometer effect 
(IBE). The projections of the various land ice contributions and the land 
water storage contribution are described elsewhere (Sections 13.4, 
13.5.1 and 13.SM.1 in the Supplementary Material). These global esti-
mates were turned into regional maps of sea level response, due to the 
addition of mass increasing the global ocean volume (the barystatic 
contribution) plus the resultant gravitational and rotational changes, 
through application of an iterative sea level equation solver (Slangen 
et al., 2012). The groundwater storage change contribution to regional 
sea level rise was also found similarly by taking estimates of its geo-
graphical distribution from Wada et al. (2012) and applying the same 
sea level equation solver. The GIA contribution was calculated from 
the mean of the ICE-5G model (Peltier 2004) and the ANU ice sheet 
model (Lambeck et al. 1998 and subsequent improvements) with the 
SELEN code for the sea level equation (Farrell and Clark 1976; Spada 
and Stocchi 2006, 2007), including updates to allow for coastline var-
iation through time, near-field meltwater damping and Earth rotation 
in a self-consistent manner (Milne and Mitrovica, 1998; Kendall et al., 
2006). The IBE contribution was found by using an ensemble of atmos-
pheric results from the atmospheric component of the same CMIP5 
models used for the SSH data. All of these components were calculated 
‘offline’ (i.e., were not part of diagnostic ‘zos’ and ‘zostoga’ variables 
in the models) and then added to the regional sea level rise results 
previously derived from CMIP5 ‘zos’ and ‘zostoga’ variables.

13.SM.2.5  Uncertainties

Figures 13.19, 13.21 and 13.23 show uncertainty measures for sea 
level projections. Those uncertainties were computed as follows.

The uncertainties in the results directly from the CMIP5 model data 
are estimated with the ensemble spread: one standard deviation of 
the members’ means is treated as the standard error for the ensemble 
mean. This applies to the dynamic/thermosteric SSH ocean data, and 
the IBE atmospheric data. The ice sheet, glacier and land water storage 
uncertainties are found regionally from the global uncertainties of 
the sources using the same iterative sea level equation solver used 
to obtain the regional distribution from their means. The one standard 
error of the GIA uncertainty is evaluated as the departures of the two 
different GIA estimates (from ICE-5G and ANU/SELEN models) from 
their mean value. To combine these uncertainties, for both maps 
of uncertainty as well as time series of uncertainty at individual 
stations, it is assumed that contributions that correlate with global 
air temperature have correlated uncertainties, which are therefore 
added linearly. This combined uncertainty is then added to the other 
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components’ uncertainties in quadrature. The uncertainties in the 
projected ice sheet SMB changes were assumed to be dominated by 
the magnitude of climate change, rather than their methodological 
uncertainty, while the uncertainty in the projected glacier change 
was assumed to be dominated by its methodological uncertainty. The 
formula shown below for the regional error, when applied to the global 
contributions, estimates a global uncertainty close to that given in 
Table 13.5. The estimated squared uncertainty (standard error) at each 
grid box is found as  follows:

(13.SM.1)

where: 

steric/dyn = global thermal expansion uncertainty + dynamic SSH 
(ensemble spread) 

smb_a = Antarctic ice sheet SMB uncertainty (including interaction of 
SMB and dynamics)

smb_g = Greenland ice sheet SMB uncertainty (including interaction 
of SMB and dynamics)

glac = Glacier uncertainty

IBE = inverse barometer effect uncertainty (ensemble spread) 

GIA = glacial isostatic adjustment uncertainty

LW = land water storage uncertainty

dyn_a = Antarctica ice sheet rapid dynamics uncertainty

dyn_g = Greenland ice sheet rapid dynamics uncertainty

s2
tot = (ssteric/dyn + ssmb_a + ssmb_g)2

 + s2
glac + s2

IBE + s2
GIA + s2

LW + s2
dyn_a + s2

dyn_g

Model RCP2.6 RCP6.0 RCP4.5 / RCP8.5

ACCESS-1.0 X

BCC-CSM1.1 X X X

CanESM2 X

CNRM-CM5 X

CSIRO-MK3.6.0 X X X

GFDL-ESM2G X X X

GFDL-ESM2M X X X

GISS-E2-R X X X

HadGEM2-CC X

HadGEM2-ES X X

INM-CM4 X

IPSL-CM5A-LR X X X

IPSL-CM5A-MR X X

MIROC5 X X X

MIROC-ESM X X X

MIROC-ESM-CHEM X X X

MPI-ESM-LR X X

MPI-ESM-MR X X

MRI-CGCM3 X X X

NorESM1-M X X X

NorESM1-ME X X X

Table 13.SM.3 |  Availability of ‘zos’ variable from CMIP5.

The 90% confidence limits for the ice components are asymmetric 
and were combined with the 90% confidence limit uncertainties of 
the CMIP5 ocean components to find the lower and upper uncertainty 
limits separately (Figures 13.19 and 13.23), using the given equation. 
In Figure 13.21, in which a single standard error at each location is 
used, the s used in the equation were standard deviations for all com-
ponents except LW, dyn_a and dyn_g; these latter had uniform PDFs 
in the global projections, and the half-range of the distribution was 
used for s. To find the 90% confidence limits of the ocean components, 
regional uncertainties were multiplied by 1.645, thus treating them as 
methodological, normally distributed uncertainties.
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