Rising Seas
and the
Winds

I

f sea-level trends continue, low-lying coastal areas and
low islands are seriously threatened with flooding. Sea
level has been rising at a rate of over 3 mm per year and,
disturbingly, most recent observations suggest the rate is accelerating. The trend, however, has not been uniform across
the world ocean, and some areas in the western tropical Pacific have already seen the sea rising by about 10 mm per year.
According to recent work by Axel Timmermann and
Shayne McGregor at the IPRC and Fei-Fei Jin at the University of Hawai‘i, the sea-level trends seen over the last 40 years
in the tropical Indo-Pacific are due not only to the expansion of warming oceans and freshwater input from melting
glaciers and ice sheets but also to changes in the prevailing
winds. Indeed, they found that the winds play a key role in
establishing the spatial characteristic of regional sea-level
rise in the Pacific. In some regions the changing winds partly
offset, in others they amplify the rise projected with further
warming.
The team started their investigation of sea-level trends
with a 1½-layer shallow water model of the Indo-Pacific
Ocean. The top layer in the model responds to wind stress,
while the bottom layer is assumed to be motionless and deep.
With this model, they carried out two hindcast experiments
of sea-level rise: in one, the shallow water model was driven
with wind stress for the 1958–2001 period from the ERA-40
Re-analysis (European Centre for Medium-Range Weather
Forecasts 40-Year Re-analysis) Data Archive; in the other,
the model was driven with an operational wind product
(also from the European Centre for Medium-Range Weather
Forecasts) for the 1993–2008 period.
Both hindcasts captured the yearly variations and the
decadal trends in sea level seen in actual sea-level satellite
altimetry observations from AVISO (Archiving, Validation
and Interpretation of Satellite Oceanographic Data) as shown
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in Figure 1a–d. The hindcasts also captured the redistribution
of water mass in the equatorial band: over the last 40 years,
sea level fell in the western and rose in the eastern equatorial Pacific as a result of a slow-down of the Walker Circulation, the atmospheric east-west circulation in the tropics. The
slow-down is presumably a response to global warming.
Having confidence in the performance of their shallow
water model, the team then looked at how their model responded to projections in wind stress due to global warming. They drove their model with the wind stress projections
from 14 global climate models that had been been run for the
Fourth Assessment Report of the Intergovernmental Panel
on Climate Change. These models had been driven with two
increasing greenhouse gas emission scenarios from 2001 to
2100: the A1B scenario, that is, a world of rapid economic
growth with a balanced emphasis on all energy sources; and
the B1 scenario, which assumes a world with some regulation to reduce manmade greenhouse gas emissions. In these
climate model simulations, the southeasterly trades intensify over the 100 years of the study. Further experimentation showed that the strengthening of the trades in the South
Pacific results from the geographic pattern of sea-surface
warming, the strongest warming being simulated along the
equator (see Regional Climate Patterns, p. 3).
Driven with these stronger winds, the shallow water
model reveals that sea-level rise due to global warming is
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Figure 1. Linear sea-surface height trends in mm/year: for 1958–2001 (a) in ocean re-analysis data and (b) as simulated by the shallow water model
forced by ERA40 winds; for 1993–2008 (c) in satellite altimeter-data and (d) as simulated by the shallow water model forced by ECMWF operational
winds; for 2001–2100 (e) as derived from a 14-member ensemble of coupled GCM simulations forced with greenhouse gas concentrations following
the A1B emission scenario (where the Indo-Pacific spatial average between 30°S-30°N has been subtracted and stippled areas indicate high agreement among models); and (f) as simulated by the shallow water model forced by wind from the A1B multi-model coupled GCM ensemble (again,
stippled areas indicate high agreement among models).

offset by about 0.5 mm per year in large areas of the tropical
South Pacific, including the tropical Islands of Tuvalu, parts
of French Polynesia, Kiribati, the Cook Islands and the Solomon Islands. But in other regions, the stronger trades amplify
sea-level rise. Thus south of the Solomon Islands, in Vanuatu,
Fiji and the Indian Ocean between 5°S and 15°S, the shallow water model projects sea level will rise even more than
the global sea-level rise due to warming. The model shows
similar trends for the two greenhouse gas emission scenarios,
but effects are stronger for the A1B scenario, than for the B1
scenario.
The large-scale features of the sea-level trends seen in
the shallow water model are in agreement with projections
of sea level from 10 of the century-long climate simulations
(Figure 1e and f; not all 14 climate models had archived sea-

level data that could be analyzed).
Thus for the Solomon Islands, the threat of being flooded
may not be quite as serious as has been thought. For Tuvalu,
already being inundated often, the findings hold only little
hope as the offset in sea-level rise by wind-stress changes is
only 10 – 30% of the projected global-mean sea-level rise.
Timmermann and his team caution, “The models may
not have simulated exactly right the spatial characteristics of
warming signal. Much more work needs to be done before
we can be fully confident in local projections due to global
warming.”
This story is based on
A. Timmermann, S. McGregor, and F.-F. Jin: Wind effects on past and
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