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World’s oceans are losing power to
stall climate change
United Nations report predicts more powerful storms, increased risk of
flooding and dwindling fisheries if greenhouse-gas output doesn’t fall.
Jeff Tollefson

Sea levels could rise by up to 1.1 metres by 2100 if greenhouse-gas emissions continue to rise.Credit: Ian Forsyth/Getty

The world’s oceans have long helped to stave off climate change by absorbing heat and carbon dioxide from
the atmosphere. But that is changing, with devastating consequences for humanity in the coming decades,
leading researchers warn in a high-level report commissioned by the United Nations.
The rate at which oceans are warming has doubled since the early 1990s, and marine heat waves are becoming
more frequent and intense ― trends that are reshaping ocean ecosystems and fuelling more powerful storms.
And as the oceans absorb CO2, they are becoming more acidic, which threatens the survival of coral reefs and
fisheries.
The special report on oceans and ice by the Intergovernmental Panel on Climate Change (IPCC) warns that
without steep cuts to greenhouse-gas emissions, fisheries will falter, the average strength of hurricanes will
increase and rising seas will increase the risk of flooding in low-lying areas around the globe.
The oceans “can’t keep up” with humanity’s greenhouse-gas output, says Ko Barrett, vice-chair of the IPCC
and a deputy assistant administrator at the US National Oceanic and Atmospheric Administration in

Washington DC. “The consequences for nature and humanity are sweeping and severe.”
More than 100 scientists from 30 countries contributed to the report. The IPCC released a 42-page summary of
the analysis on 25 September at a meeting in Monaco.

High-water mark
The report projects that sea levels could rise by up to 1.1 metres by 2100 if greenhouse gas emissions continue
to rise. That is about 10 centimetres more than the IPCC estimated in its last comprehensive report on the
global climate, which it released in 2013.
Richard Alley, a geoscientist at Pennsylvania State University in University Park, says that the latest report’s
sea-level rise projections are conservative. That’s because scientists still aren’t certain about when rising
temperatures might trigger a rapid collapse of ice sheets, particularly in western Antarctica. If that happens,
ocean levels will rise much faster than the IPCC’s latest estimate.
“Sea-level rise could be a little less, a little more, or a lot more” than the latest report predicts, Alley says. “But
it’s not going to be a lot less.”
Those rising seas will increase the risk of flooding during storms, the report says, and high tides will become
more frequent and severe. By 2050, flooding events that now occur once per century are likely to occur
annually in many coastal cities and islands ― even with sharp emissions cuts.
But the report does make it clear that humanity can blunt the worst effects of climate change over the very long
term. It projects that the sea level could be from 0.6 metres to 5.4 metres higher in 2300, depending in large part
on whether and how quickly countries move to curb greenhouse-gas emissions.
“We’re going to get sea-level rise for centuries,” says Michael Oppenheimer, a climate scientist at Princeton
University in New Jersey and coordinating lead author on the report’s chapter on sea-level rise. “The question
is whether it’s going to be manageable or not.”
A draft version of the special report estimated that rising seas could displace 280 million people worldwide by
2100. The IPCC removed that figure from the final analysis, after scientists decided that they had
misinterpreted the findings of an earlier study, Oppenheimer says.

Changing patterns
The IPCC report also examines the fate of the planet’s ice ― which it says will continue to shrink in the coming
decades.
In the Arctic, where sea ice melts every summer and freezes every winter, the annual summer minimum extent
has decreased by nearly 13% per decade since 1979. That rate of change is probably unprecedented in at least
1,000 years, the IPCC says. About 20% of the Arctic’s permafrost is vulnerable to abrupt thaw, followed by
sinking of the soil left behind. By the end of the century, that could increase by half the area of the Arctic that is
covered by small lakes.
And mountainous regions with small glaciers ― from the Andes to Indonesia ― could lose 80% of their ice by
2100.
The report’s overarching message, Barrett says, is that climate change is affecting water from the tops of Earth’s
highest peaks to the depths of its oceans, and ecosystems are responding. Without steep emissions cuts, the
total biomass of marine animals could shrink by 15% by 2100, and commercial fisheries could see their
maximum catch decrease by up to 24%.
Such changes are already playing out in many locations, says Kathy Mills, a fisheries ecologist with the Gulf of

Maine Research Institute in Portland. In the North Atlantic Ocean, for example, rising temperatures have sent
right whales north in search of cooler waters. And that increases the animals’ chances of getting caught in
lobster-trap lines.
“These ocean changes mean big problems for the future of people,” says Jane Lubchenco, a marine ecologist at
Oregon State University in Corvallis and former head of the US National Oceanic and Atmospheric
Administration.
Lubchenco is an adviser to the High Level Panel for a Sustainable Ocean Economy, which released its own
report on climate change and the world’s oceans on 23 September. The analysis identifies a range of actions —
including promoting renewable energy and sustainable fisheries, curbing marine shipping emissions and
protecting coastal ecosystems — that could reduce global carbon emissions and limit the effects of climate
change.
Lubchenco says those actions would also bolster coastal economies and help lift people out of poverty. “The
reality is that the ocean is central to solving many problems,” she says. “The situation is quite dire and quite
gloomy, but it is not hopeless.”
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Coral reefs are threatened by the acidification of the oceans

Climate change is devastating our seas and frozen regions as never before, a major new United Nations report warns.
According to a UN panel of scientists, waters are rising, the ice is melting, and species are moving habitat due to human activities.
And the loss of permanently frozen lands threatens to unleash even more carbon, hastening the decline.
There is some guarded hope that the worst impacts can be avoided, with deep and immediate cuts to carbon emissions.
This is the third in a series of special reports that have been produced by the Intergovernmental Panel on Climate Change (IPCC) over the past 12 months.

A visit to the Sermilik glacier, which is rapidly melting

The scientists previously looked at how the world would cope if temperatures rose by 1.5C by the end of this century. They also reported on how
the lands of the Earth would be affected by climate change.
However, this new study, looking at the impact of rising temperatures on our oceans and frozen regions, is perhaps the most worrying and depressing of
the three.

So what have they found and how bad is it?
In a nutshell, the waters are getting warmer, the world's ice is melting rapidly, and these have implications for almost every living thing on the planet.
"The blue planet is in serious danger right now, suffering many insults from many different directions and it's our fault," said Dr Jean-Pierre Gattuso, a coordinating lead author of the report.

Low-lying small island states will be badly hit by sea level rise

The scientists are "virtually certain" that the global ocean has now warmed without pause since 1970.

The waters have soaked up more than 90% of the extra heat generated by humans over the past decades, and the rate at which it has taken up this heat
has doubled since 1993.
Where the seas were once rising mainly due to thermal expansion, the IPCC says this is now happening principally because of the melting of Greenland
and Antarctica.
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Thanks to warming, the loss of mass from the Antarctic ice sheet in the years between 2007 and 2016 tripled compared to the 10 years previously.
Greenland saw a doubling of mass loss over the same period. The report expects this to continue throughout the 21st Century and beyond.
For glaciers in areas like the tropical Andes, Central Europe and North Asia, the projections are that they will lose 80% of their ice by 2100 under a high
carbon emissions scenario. This will have huge consequences for millions of people.

Glaciers around the world are losing their ice fast

What are the implications of all this melting ice?
All this extra water gushing down to the seas is driving up average ocean water levels around the world. That will continue over the decades to come.
This new report says that global average sea levels could increase by up to 1.1m by 2100, in the worst warming scenario. This is a rise of 10cm on previous
IPCC projections because of the larger ice loss now happening in Antarctica.
"What surprised me the most is the fact that the highest projected sea level rise has been revised upwards and it is now 1.1 metres," said Dr Jean-Pierre
Gattuso, from the CNRS, France's national science agency.
"This will have widespread consequences for low lying coasts where almost 700 million people live and it is worrying."

Sea level rise was once mainly due to thermal expansion of the oceans, but the melting of Greenland and Antarctica has now taken over as the principle driver

The report says clearly that some island states are likely to become uninhabitable beyond 2100.
The scientists also say that relocating people away from threatened communities is worth considering "if safe alternative localities are available".

What will these changes mean for you?
One of the key messages is the way that the warming of the oceans and cryosphere (the icy bits on land) is part of a chain of poor outcomes that will affect
millions of people well into the future.
Under higher emissions scenarios, even wealthy megacities such as New York or Shanghai and large tropical agricultural deltas such as the Mekong will
face high or very high risks from sea level rise.

The report says that a world with severely increased levels of warm water will in turn give rise to big increases in nasty and dangerous weather events,
such as surges from tropical cyclones.
"Extreme sea level events that are historically rare (once per century in the recent past) are projected to occur frequently (at least once per year) at many
locations by 2050," the study says, even if future emissions of carbon are cut significantly.
"What we are seeing now is enduring and unprecedented change," said Prof Debra Roberts, a co-chair of an IPCC working group II.

Nasa visualisation of the melting Greenland ice sheet

"Even if you live in an inland part of the world, the changes in the climate system, drawn in by the very large changes in the ocean and cryosphere are
going to impact the way you live your life and the opportunities for sustainable development."
The ways in which you may be affected are vast - flood damage could increase by two or three orders of magnitude. The acidification of the oceans thanks
to increased CO2 is threatening corals, to such an extent that even at 1.5C of warming, some 90% will disappear.
Species of fish will move as ocean temperatures rise. Seafood safety could even be compromised because humans could be exposed to increased levels
of mercury and persistent organic pollutants in marine plants and animals. These pollutants are released from the same fossil fuel burning that release the
climate warming gas CO2.
Even our ability to generate electricity will be impaired as warming melts the glaciers, altering the availability of water for hydropower.

The melting of permafrost could add billions of tonnes of CO2 to the atmosphere

Permafrost not so permanent
Huge amounts of carbon are stored in the permanently frozen regions of the world such as in Siberia and Northern Canada.
These are likely to change dramatically, with around 70% of the near surface permafrost set to thaw if emissions continue to rise.
The big worry is that this could free up "tens to hundreds of billions of tonnes" of CO2 and methane to the atmosphere by 2100. This would be a significant
limitation on our ability to limit global warming in the centuries to come.

So what happens in the long term?
That's a key question and much depends on what we do in the near term to limit emissions.
However, there are some warnings in the report that some changes may not be easily undone. Data from Antarctica suggests the onset of "irreversible ice
sheet instability" which could see sea level rise by several metres within centuries.

Climate change might force species to move their ranges

"We give this sea level rise information to 2300, and the reason for that is that there is a lot of change locked in, to the ice sheets and the contribution that
will have to sea level rise," said Dr Nerilie Abram from the Australian National University in Canberra, who's a contributing lead author on the report.
"So even in a scenario where we can reduce greenhouse gases, there are still future sea level rise that people will have to plan for."
There may also be significant and irreversible loses of cultural knowledge through the fact that the fish species that indigenous communities rely on may
move to escape warming.

Does the report offer some guarded hope?
Definitely. The report makes a strong play of the fact that the future of our oceans is still in our hands.
The formula is well worn at this stage - deep, rapid cuts in carbon emissions in line with the IPCC report last year that required 45% reductions by 2030.
"If we reduce emissions sharply, consequences for people and their livelihoods will still be challenging, but potentially more manageable for those who are
most vulnerable," said Hoesung Lee, chair of the IPCC.
Indeed, some of the scientists involved in the report believe that public pressure on politicians is a crucial part of increasing ambition.
"After the demonstrations of young people last week, I think they are the best chance for us,," said Dr Jean-Pierre Gattuso.
"They are dynamic, they are active I am hopeful they will continue their actions and they will make society change."

The World’s Oceans Are in Danger,
Major Climate Change Report Warns

The warming world is disrupting aquatic life and ocean patterns, with dire global consequences.
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WASHINGTON — Climate change is heating the oceans and altering their chemistry so dramatically that it is threatening
seafood supplies, fueling cyclones and floods and posing profound risks to the hundreds of millions of people living along the
coasts, according to a sweeping United Nations report issued Wednesday.
The report concludes that the world’s oceans and ice sheets are under such severe stress that the fallout could prove difficult
for humans to contain without steep reductions in greenhouse gas emissions. Fish populations are already declining in many
regions as warming waters throw marine ecosystems into disarray, according to the report by the Intergovernmental Panel on
Climate Change, a group of scientists convened by the United Nations to guide world leaders in policymaking.
“The oceans are sending us so many warning signals that we need to get emissions under control,” said Hans-Otto Pörtner, a
marine biologist at the Alfred Wegener Institute in Germany and a lead author of the report. “Ecosystems are changing, food
webs are changing, fish stocks are changing, and this turmoil is affecting humans.”
Hotter ocean temperatures, combined with rising sea levels, further imperil coastal regions, the report says, worsening a
phenomenon that is already contributing to storms like Hurricane Harvey, which devastated Houston two years ago.
For decades, the oceans have served as a crucial buffer against global warming, soaking up roughly a quarter of the carbon
dioxide that humans emit from power plants, factories and cars, and absorbing more than 90 percent of the excess heat
trapped on Earth by carbon dioxide and other greenhouse gases. Without that protection, the land would be heating much
more rapidly.
But the oceans themselves are becoming hotter, more acidic and less oxygen-rich as a result, according to the report. If
humans keep pumping greenhouse gases into the atmosphere at an increasing rate,marine ecosystems already facing threats

from seaborne plastic waste, unsustainable fishing practices and other man-made stresses will be further strained.
“We are an ocean world, run and regulated by a single ocean, and we are pushing that life support system to its very limits
through heating, deoxygenation and acidification,” said Dan Laffoley of the International Union for Conservation of Nature, a
leading environmental group that tracks the status of plant and animal species, in response to the report.
The report, which was written by more than 100 international experts and is based on more than 7,000 studies, represents the
most extensive look to date at the effects of climate change on oceans, ice sheets, mountain snowpack and permafrost.

Fishing in the Gulf of Guinea near Ghana. Rising temperatures are causing a drop in the amount of fish that humans can sustainably catch.
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Changes deep in the ocean or high in the mountains are not always as noticeable as some of the other hallmarks of global
warming, such as heat waves on land, or wildfires and droughts. But the report makes clear that what happens in these
remote regions will have ripple effects across the globe.
For instance, as ice sheets in Greenland and Antarctica melt and push up ocean levels, the report said, extreme flooding that
was once historically rare could start occurring once a year or more, on average, in many coastal regions this century. How
quickly this happens depends largely on the ability of humanity to reduce emissions of greenhouse gases that are heating the
planet.
Around the world, glaciers in the mountains are receding quickly, affecting the availability of water for millions of people who
depend on meltwater downstream to supply drinking water, irrigate agricultural land and produce electricity through dams
and hydropower.

But some of the report’s starkest warnings concern the ocean, where major shifts are already underway.
The frequency of marine heat waves — which can kill fish, seabirds, coral reefs and seagrasses — has doubled since the 1980s.
Many fish populations are migrating far from their usual locations to find cooler waters, and local fishing industries are often
struggling to keep up. Floating sea ice in the Arctic Ocean is declining at rates that are “likely unprecedented for at least 1,000
years,” the report said.
The report notes that some pathogens are proliferating in warmer waters, including vibrio, a bacteria that can infect oysters
and other shellfish, and that already sickens some 80,000 Americans who eat raw or undercooked seafood each year. “That’s a
good example of how changes in the ocean can affect even people who live far from the coasts,” said Sherilee Harper, a public
health expert at the University of Alberta and an author on the report.
The report warns that more dramatic changes could be in store. If fossil-fuel emissions continue to rise rapidly, for instance,
the maximum amount of fish in the ocean that can be sustainably caught could decrease by as much as a quarter by century’s
end. That would have sweeping implications for global food security: Fish and seafood provide about 17 percent of the world’s
animal protein, and millions of people worldwide depend on fishing economies for their livelihoods.
And heat waves in the ocean are expected to become 20 to 50 times more frequent this century, depending on how much
greenhouse-gas emissions increase. Vibrant underwater ecosystems such as coral reefs, kelp forests and seagrass meadows are
all expected to suffer serious damage if global temperatures rise even modestly above today’s levels.
The potential for these heat waves to wreak havoc in coastal communities is already becoming noticeable in areas like the
North Pacific Ocean, where what became known as a “blob” of unusually hot water in 2013 and 2014, partly fueled by global
warming, killed thousands of seabirds and helped spawn toxic algae blooms that forced fisheries to close down from California
to British Columbia.
Last year, officials in the Gulf of Alaska had to reduce permitted cod catches by 80 percent to allow stocks to rebuild in the
wake of the heat wave, roiling the local fishing industry.
“When that happens, it’s like a punch in the gut,” said Brett Veerhusen, 33, a fisheries consultant and commercial fisherman
based in Seattle and Homer, Alaska. “And it’s not just fishermen who are affected, it’s an entire supply chain, from processing
plants to shipping to grocery stores and restaurants.”
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Changes in the ocean also threaten to disrupt the complex and often delicate ecosystems that underpin marine environments.
The report notes that the upper layers of the open ocean have lost between 0.5 percent and 3.3 percent of their oxygen since
1970 as temperatures have risen. And, as the ocean absorbs more carbon dioxide, it is becoming more acidic, which could
make it harder for corals, oysters, mussels and other organisms to build their hard shells.
Acidification and declining oxygen levels are already affecting the California Current, a nutrient-rich pattern of water
currents in the Pacific Ocean that supports one of the world’s most lucrative fisheries, the report notes. While scientists are still
trying to understand the full effects of these changes, one risk is that shifts in the food chain could cause fish to migrate away.
“If the fish leave, that affects the small fishing fleets we have up and down the California coast,” said Gretchen Hofmann, a
professor of marine biology at the University of California, Santa Barbara who was not involved in the report. “So there’s the
risk of real economic and social problems.”
While the report recommends that nations sharply reduce greenhouse gas emissions to lessen the severity of most of these
threats, it also points out that countries will need to adapt to many changes that have now become unavoidable.
Even if, for instance, nations rapidly phase out their greenhouse gas emissions in the decades ahead and limit global warming
to well below an increase of 2 degrees Celsius from preindustrial levels — a goal enshrined in the Paris Agreement, a pact
among nations to fight warming — the world’s oceans and frozen landscapes would still look very different by the end of the
century than they do today. Warm-water coral reefs would still suffer mass die-offs. Global sea levels could still rise another 1
to 2 feet this century as ice sheets and glaciers melted. Fish populations would still migrate, creating winners and losers among
fishing nations and potentially leading to increased conflicts, the report noted.
To cope with these problems, coastal cities will need to build costly sea walls and many people will likely need to move away
from low-lying areas, the report said. Fishery managers will need to crack down on unsustainable fishing practices to prevent
seafood stocks from collapsing. Nations could also expand protected areas of the ocean to help marine ecosystems stay
resilient against shifting conditions.
But the report also makes clear that if greenhouse gas emissions keep rising, many of these adaptation measures could lose
their effectiveness. In the report’s worst-case emissions scenario, where greenhouse gases continue piling up unchecked in the
atmosphere throughout the century, sea levels could keep rising at a relentless pace for hundreds of years, potentially reaching
17 feet or higher by 2300, the report said.
“Our fate is probably somewhere in between” the best- and worst-case emissions scenarios laid out in the report, said Michael
Oppenheimer, a climate scientist at Princeton University and a lead author of the report’s chapter on sea levels. “But if you
think about the possibility of indefinite or even accelerating sea level rise for centuries to come, that bodes very poorly for
coastal civilization.”
For more news on climate and the environment, follow @NYTClimate on Twitter.
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