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Changes in Sea level change: Projection by AOGCM and its uncertainty
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Figure 1. (A4) The ice-equivalent eustatic sea level history over the last glacial-interglacial cycle
according to the analysis of Waelbroeck et al. (2002). The smooth black line defines the mid-point of
their estimates for each age and the surrounding hatched region provides an estimate of error. The
red line is the prediction of the ICE-5G(VM2) model for the Barbados location for which the RSL
observations themselves provide an excellent approximation to the ice-equivalent eustatic sea level
curve. (B) The fit of the ICE-5G(VM2) model prediction (red line) to the extended coral-based record
of RSL history from the island of Barbados in the Caribbean Sea (Fairbanks, 1989; Peltier and
Fairbanks, 2006) over the age range from 32 ka to present. The actual ice-equivalent eustatic sea
level curve for this model is shown as the step-discontinuous purple line. The individual coral-based
estimates of RSL (blue) have an attached error bar that depends upon the coral species. The
estimates denoted by the short error bars are derived from the Acropora palmata species, which
provide the tightest constraints upon relative sea level as this species is found to live within
approximately 5 m of sea level in the modern ecology. The estimates denoted by the longer error
bars are derived either from the Montastrea annularis species of coral (error bars of intermediate 20
m length) or from further species that are found over a wide range of depths with respect to sea level
(longest error bars). These additional data are most useful in providing a lower bound for the sea
level depression. The data denoted by the coloured crosses are from the ice-equivalent eustatic sea
level reconstruction of Lambeck and Chappell (2001) for Barbados (cyan), Tahiti (grey), Huon
(black), Bonaparte Gulf (orange) and Sunda Shelf (purple).
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Figure 2. Annual averages of the global mean sea level (mm). The red curve shows reconstructed
sea level fields since 1870 (updated from Church and White, 2006); the blue curve shows coastal
tide gauge measurements since 1950 (from Holgate and Woodworth, 2004) and the black curve is
based on satellite altimetry (Leuliette et al., 2004). The red and blue curves are deviations from their
averages for 1961 to 1990, and the black curve is the deviation from the average of the red curve for

the period 1993 to 2001. Error bars show 90% confidence intervals.
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Figure 3. (@) Geographic distribution of long-term linear trends in mean sea level (mm yr-1) for
1955 to 2003 based on the past sea level reconstruction with tide gauges and altimetry data
(updated from Church et al., 2004) and (b) geographic distribution of linear trends in thermal
expansion (mm yr—1) for 1955 to 2003 (based on temperature data down to 700 m from Ishii et al.,

2006). Note that colours in (a) denote 1.6 mm yr—I higher values than those in (b).
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Figure 4. Global sea level change due to thermal expansion for 1955 to 2003, based on Levitus et al.
(2005a; black line) and Ishii et al. (2006; red line) for the 0 to 700 m layer, and based on Willis et al.
(2004; green line) for the upper 750 m. The shaded area and the vertical red and green error bars
represent the 90% confidence interval. The black and red curves denote the deviation from their
1961 to 1990 average, the shorter green curve the deviation from the average of the black curve for
the period 1993 to 2003.
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Figure 5. Estimates of the various contributions to the budget of the global mean sea level change
(upper four entries), the sum of these contributions and the observed rate of rise (middle two), and
the observed rate minus the sum of contributions (lower), all for 1961 to 2003 (blue) and 1993 to
2003 (brown). The bars represent the 90% error range. For the sum, the error has been calculated
as the square root of the sum of squared errors of the contributions. Likewise the errors of the sum

and the observed rate have been combined to obtain the error for the difference.
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Figure 7. (Top) Mass balance estimates for Greenland. The coloured rectangles, following Thomas
et al. (2006), indicate the time span over which the measurements apply and the estimated range,
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given as (mean + uncertainty) and (mean — uncertainty) as reported in the original papers. Code: B
(orange; Box et al, 2006), surface mass balance, using stated trend in accumulation, ice flow
discharge (assumed constant), and standard error on regression of accumulation trend, with added
arrow indicating additional loss from ice flow acceleration; H (brown; Hanna et al., 2005), surface
mass balance, with arrow as for B; T (dark green; Thomas et al., 2006), laser altimetry, showing
new results and revision of Krabill et al. (2004) to include firn densification changes; Z (violet;
Zwally et al., 2006), primarily radar altimetry, with uncertainty reflecting the difference between a
thickness change due to ice everywhere and that due to low-density firn in the accumulation zone; R
(red; Rignot and Kanagaratmam, 2006), ice discharge combined with surface mass balance; V (blue;
Velicogna and Wahr, 2005) GRACE gravity; RL (blue; Ramillen et al., 2006) GRACE gravity; J
(magenta dashed, Johannessen et al., 2005), radar altimetry without firn densification correction
and applying only to central regions that are thickening but omitting thinning of coastal regions.
(Bottom) Mass balance estimates for grounded ice of Antarctica. Coloured rectangles show age span
and error range as in the top panel. Code: Z (violet; Zwally et al., 2006), radar altimetry, with
uncertainty reflecting the difference between a thickness change due to ice everywhere and that due
to low-density firn everywhere; RT (dark green; Rignot and Thomas, 2002), ice discharge and
surface mass balance, with dashed end line because some of the accumulation rate data extend
beyond the time limits shown; RT2 (dark green; Rignot and Thomas, 2002), updated to include
additional mass losses indicated by Thomas et al. (2004) and Rignot et al. (2005), dashed because
the original authors did not produce this as an estimate for the whole ice sheet nor are accumulation
rates updated; V (blue; Velicogna and Wahr, 2006), GRACE gravity; RL (blue; Ramillen et al., 2006),
GRACE gravity.
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Figure 8. Rates of surface elevation change (dS/dt) derived from laser altimeter measurements at

more than 16,000 locations on the Greenland Ice Sheet where ICESat data from 2005 overlay
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<-50

aircraft surveys in 1998/1999 (using methods described by Thomas et al., 2006). Locations of
rapidly thinning outlet glaciers at Jakobshavn (J), Kangerdlugssuaq (K), Helheim (H) and along the
southeast coast (SE) are shown, together with an inset showing their estimated total mass balance

M-, Gt yr—1) between 1996 and 2005 (Rignot and Kanagaratnam, 2006).
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Figure 9. Rates of surface elevation change (dS/dt) derived from ERS radar-altimeter measurements
between 1992 and 2003 over the Antarctic Ice Sheet (Davis et al., 2005). Locations of ice shelves

estimated to be thickening or thinning by more than 30 cm yr—1 (Zwally et al., 2006) are shown by

red triangles (thickening) and purple triangles (thinning).
l o Proiécﬁons

———— —r— ——
500 Estimates Instrumental record
of the past of the future

400
300
200

100

Sea level change (mm)

T
I
1
I
1
1
I
I
I
I
1
|
I
I
1l
I
I
[
1
I
1
I

-100

-200

P— 1 1

1800 1850

1
1
1
i
'
1
'
|
1 i Ll i 1
0

| I i _
1900 1950 200 2050 2100

Year
Figure 10. Time series of global mean sea level (deviation from the 1980-1999 mean) in the past and

as projected for the future. For the period before 1870, global measurements of sea level are not
available. The grey shading shows the uncertainty in the estimated long-term rate of sea level
change (Section 6.4.3). The red line is a reconstruction of global mean sea level from tide gauges
(Section 5.5.2.1), and the red shading denotes the range of variations from a smooth curve. The
green line shows global mean sea level observed from satellite altimetry. The blue shading
represents the range of model projections for the SRES A1B scenario for the 21st century, relative to
the 1980 to 1999 mean, and has been calculated independently from the observations. Beyond 2100,
the projections are increasingly dependent on the emissions scenario (see Chapter 10 for a
discussion of sea level rise projections for other scenarios considered in this report). Over many

centuries or millennia, sea level could rise by several metres (Section 10.7.4).
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