Endringer gjennom siste 30 år i prognoser for global
havnivåstigning i 2100
Olav Orheim
Norsk Geofysisk Forening
Geilo, 21. September 2017
Sandy floods New York,
29 Oct. 2012

Storyen starter i sept. 1984: 26 ledende forskere/glasiologer (20 fra
USA inkludert nå aktivist Jim Hansen) samles i Seattle.
Initiated by NRC, paid by U.S. Dept. of Energy.
Conclusion:
“Probably very little of present sea level change is caused by wastage
of the Greenland ice sheet, and Antarctica is most likely growing.
Future projections suggest that wastage of small glaciers and the
Greenland ice sheet will cause sea level rise of a few tenths of
meters by 2100. Effect of Antarctica is more uncertain, most likely it
will be small, but a rise of an appreciable fraction of a meter by
2100 due to increased discharge of land ice is not beyond the realms
of possibility.”
(Medfølgende tabell hadde helt opp til 1 m havnivåstigning fra Antarktis, men vi mente det var
svært lite sannsynlig.)

“Havnivåstigning i 2050 kan
bli 0.8-1.5 m.” Det var
kanskje å ta litt sterkt i!

Fra Miljønytt nr. 1, 1989, utgitt av Md.

IPCC 1, 1990

1. “For Business-as Usual, best-estimate sea level rise in 2070 is 0.44 m.
Mostly from thermal expansion of the oceans and melting of
mountain glaciers and small ice caps.
2. On decadal time scale, polar ice sheets play minor role, but they
contribute substantially to the total uncertainty. Antarctica is
expected to contribute negatively to sea level due to increased snow
accumulation associated with warming. Rapid disintegration of the
West Antarctic Ice Sheet is unlikely within the next century .
3. For lower forcing scenarios sea level rise projections are approx. one
third lower than those of the Business as Usual Scenario.
4. This assessment does not foresee a sea level rise of >1 m during the
next century.”
Uthevningene er mine!

“The global sea level projections presented
here for 1990 to 2100 are lower than the
corresponding projections presented in IPCC
(1990).”
With regards to surprises, “the likelihood of a
major sea level rise by the year 2100 due to the
collapse of the West Antarctic ice sheet is
considered low.”

IPCC 2, 1995

IPCC 3, 2001

“We project a sea level rise of 0.09 to 0.88 m for 1990 to 2100, with a
central value of 0.48 m. By 2100, the [models] vary over a range
amounting to about 50% of the central value. Beyond the 21st
century, sea level rise will depend strongly on the emissions scenario.
The range of projections given above makes no allowance for icedynamic instability of the West Antarctic ice sheet (WAIS). It is now
widely agreed that major loss of grounded ice and accelerated sea
level rise are very unlikely during the 21st century.
Current ice dynamic models project that the WAIS will contribute no
more than 3 mm/yr to sea level rise over the next thousand years,
even if significant changes were to occur in the ice shelves. However,
we note that its dynamics are still inadequately understood to make
firm projections, especially on the longer time-scales.”

“Sea Level Rise at the end of this century is
for “middle” scenario 0.20-0.48 m. However,
model-based range does not include
future rapid dynamical changes in ice flow.”

IPCC 4, 2007

IPCC 5, 2013

“For 1993–2010, the combined contribution of the
ice sheets is 0.60 [0.42 to 0.78] mm/yr. For
comparison, the AR4’s assessment for the period
1993–2003 was 0.21 ± 0.07 mm/yr for Greenland
and 0.21 ± 0.35 mm/yr for Antarctica [0.0 to 0.82].
Total sea level rise by 2100 for medium scenario is
0.19 to 0.66 m.
Ice-sheet contributions may increase this
substantially, but have been small up to the
present. Therefore, closure of sea level budget to
date does not test reliability of ice-sheet models in
projecting future rapid dynamical change; we have
only medium confidence in these models.”

IPPC predictions for 2100:
1990: i 2070: 0.44 m
1995: lower than for IPPC 1
2001: 0.09-0.88, mean 0.48 m
2007: 0.20-0.48 + rapid ice flow
2013: 0.19-0.66 + ice sheet

5 years ago we said that
small glaciers and ice caps
contribute most to sea level
change. This has changed.

The area has increased 65% in these 34 years, average 2%/year

12 July 2012

Mean albedo, July, for Greenland ice sheet
From MODIS
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The equilibrium line altitude (ELA) is no longer located at 1100 m elevation; a total of 9.2 m
ice has been lost at Swiss Camp, in particular during the past 10 years.

Source: Roger Braithwaite,
University of Manchester (UK)

Surface Melt-Induced Acceleration
of Greenland Ice-Sheet Flow

H. Jay Zwally, Waleed Abdalati, Tom Herring, Kristine Larson, Jack Saba, and Konrad Steffen, Science 297,
2002.
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Figure 1 | Bed elevation of the Greenland ice sheet colour-coded between 500 and +2,000 m, with submarine areas in blue. Details of the large-scale

The Sermeq Kujalleq
discharges 45
km³/year, approx. =
UK annual fresh
water consumption.
Is now in rapid
retreat.

Ice Sheet Response to Modern
Climate Change

Three ways to weigh an ice sheet:
1) Measure changes in Earth’s gravity using GRACE
Journal of Geophysical Research: Solid Earth
satellites: must subtract-out solid Earth signal
10.1002/2013JB010923
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Figure 2. Greenland equivalent
water thickness
rates expressed
in cm/yr computed
with a 3 Gaussian smoothing
◦

operator; for this map, the GIA effect is modeled with ICE-5G as described in Paulson et al. [2007].

where the Y lma (𝜃, 𝜆) functions are associated with normalized spherical harmonics of degree l and order
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Ice Sheet Response to Modern
Climate Change
Three ways to weigh an ice sheet:
1) Measure changes in Earth’s gravity using GRACE
satellites: must subtract-out solid Earth signal
2) Measure elevation
change: must subtract-out
Earth surface uplift &
subsidence AND changes
in snow & firn compaction

Ice Sheet Response to Modern
Climate Change
Three ways to weigh an ice sheet:
1) Measure changes in Earth’s gravity using GRACE
satellites: must subtract-out solid Earth signal
2) Measure elevation
*Input-Output Method*
change: must subtract-out
Three ways to weigh an
Earth surface uplift &
subsidence AND changes ice sheet:
in snow & firn compaction 1) Measure changes in Earth’s
3) Sum surface mass balance
& ice flux estimates

gravity using GRACE
satellites: must subtract-out
solid Earth signal

Eberline, presentation to CRREL, 2017

Large mass losses from edges of the ice sheets are
observed by satellite interferometry
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Figure 2 | Schematic representation of MISI and MICI and processes
included in the ice model. Top-to-bottom sequences (a–c and d–f) show
progressive ice retreat into a subglacial basin, triggered by oceanic and
atmospheric warming. The pink arrow represents the advection of warm
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c, Increasing h with landward grounding-line retreat leads to an ongoing
increase in ice flow across the grounding line in a positive runaway
Deconto
& Pollard,
Nature,
2016the
feedback until the bed
slope changes.
d, In addition
to MISI (a–c),
model physics used here account for surface-meltwater-enhanced calving
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Our coastal
society
developed in a
time of stable
sea level

Church et al. 2008

D. Dahl Jensen et al., Nature 2013
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Up to Feb. 2016

Fra 2013 til 2016 er
havnivåstigningen 4
mm/år. (Fra 2011 til 2016
er den hele 7 mm/år.)

Blå: Havnivåendringer fra tidevannsmålinger (Church J.A. and White N.J., Geophys. Res. Lett. 2006; 33: L01602)
Rød: Univ. Colorado havnivåanalyser fra satelittobservasjoner mm (http://www.columbia.edu/~mhs119/SeaLevel/).

Possible future sea-level rise?
Pfeffer
“plausible limit”

Global sea-level rise (mm)
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Calculated increase in sea level will not be
evenly distributed around the globe!

www.ice2sea.eu

Thames Barrier was built in 1984 to keep out the sea when
combination of high tide, low pressure and onshore winds.
First years used 2 times/year, now 7/year. Plans now being
discussed for new barrier.

Photo: UK Environment Agency
www.ice2sea.eu

Many questions
remain, including
ice sheet physics,
and effects of
melting ice in the
oceans on ocean
circulation, cloud
cover and global
temperatures.
Conclusion:
prudence is
called for!

Sandy: The sea
enters one of
New York’s
many tunnels.

Next morning

To slow down sea level rise we must avoid growth
in population and in unnecessary consumption!
Takk for oppmerksomheten!

,,,

Input-Output Method:
Surface Mass Balance

Figure 7. Modelled 1961–1990 average runoff (a) and 1991–2015 minus 1961–1990 difference (b). Stippled areas indicate differences that
are not significant at the 95 % level. Dashed contours are 500 m elevation intervals; thick solid contour represents glacier mask.

1965-1990 average surface mass balance

(a)

1991-2015 mean anomaly

(b)

van den Broeke et al., The Cryosphere, 2016

Figure 8. Modelled 1961–1990 average surface mass balance (SMB) (a) and 1991–2015 minus 1961–1990 difference (b). Stippled areas

Input-Output Method:
Surface Meltwater Runoff
M. R. van den Broeke et al.: Greenland ice sheet and sea level rise
1965-1990 average meltwater runoff
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van
den Broeke
et al.,
The
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2016differences that
Figure 7. Modelled 1961–1990 average runoff (a) and 1991–2015 minus
1961–1990
difference
(b).
Stippled
areas indicate

Ice Sheet Sensitivity to Modern
Climate Change

M. R. van den Broeke et al.: Greenland ice sheet and sea level rise
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• Greenland contributes ~1 mm/year to sea level rise
• mass loss evenly split between iceberg calving & surface
This leads to uncertainties in SMB of 60–100 Gt yr 1 , clearly
meltwater runoff

Figure 9. Annual values of D, SMB and MB integrated over the contiguous GrIS. Dashed lines indicate 1991–2015 trends. The equivalent
sea level rise (eq. SLR) for negative MB is provided on the right axis.

dominating
the uncertainty
MB (Fig. 9). 2016
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